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Arr. XVI.—Cambrian Fossils from Mount Stephens, North- 
west Territory of Canada; by CHarues D. Watcorr.* 


THE announcement of the discovery by Mr. Otto J. Klotz 
of a group of Cambrian fossils at Mt. Stephens, near the line 
of the Canadian Pacific railway, and a description of some of 
the species by Dr. C. Rominger, appeared in July, 1887.+ 

Dr. Rominger describes one new genus of the Trilobita, 
Embolimus, and five new species, and also mentions two other 
species of trilobites, several brachiopods, a species of Hyolithes 
and what he thinks may be a graptolite. There is no attempt 
made to give the stratigraphic position of the fauna in the 
Cambrian system, by comparison with published sections and 
descriptions, or to compare the species with similar forms that 
have been described from the Cambrian strata of the Rocky 
Mountains. He states that it was his intention to visit the 
locality, and, if he has done so, we may receive more informa- 
tion in relation to the occurrence of the fauna there. 

Mr. Klotz presented to the U. 8. Geological Survey a small 
collection of fossils from Mt. Stephens, and, through the kind- 
ness of Professor J. F. Whiteaves, Paleontologist of the Geo- 
logical Survey of Canada, I have before me some very fine 
specimens, from the same locality, collected by Mr. McConnell. 

* Read before the Biological Society of Washington, April 7th, 1888. 

+ Descriptions of Primordial Fossils from Mt. Stephens, N. W. Territory of 
Canada, Proc. Acad. Nat. Sci. Philad., pp. 12-19, Plate I, 1887. 
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When comparing this fauna with one collected from the Mid- 
dle Cambrian Terrane in Central Ne evada, I found that several 
of the species from the widely-separated localities were identi- 
cal. This result led me to prepare the following notes, which 
I now present to your consideration. 

The oe section is given to show the position of 
the Mt. Stephens fauna in the Cambrian system, as observed in 
the Highland range of Central Nevada, about 125 miles south 
of Eureka.* 

Feet. 
1. Dark bemacnee brown —* evenly bedded and rip- 
350 
2, 35 
"Olenellus Cilberti. 
Buff argillaceous and arenaceous shales, more or less 
solid near the base and laminated in the upper por- 
tions 
Fossils: Annelid trails and fragments of Olenellus in 
the lower part. Higher up, the heads of Olenellus 
Gilberti and O. Iddingsi occur in abundance. 
. Light-colored gray limestone and bluish-black limestone 
Sandy, buff-colored shale 
Fossils : 


Finely argillaceous shale 
Fossils: Hyolithes Billingsi and Ptychoparia Pio- 
chensis. 

Gray to bluish black compact 
. Buff arenaceous shales 

Compact cherty limestone 

Compact shaly sandstone in massive layers 

Hard siliceous gray limestone, almost quartz at base -- 
. Yellow to buff sandy shale 
. Bluish black limestone 

Yellow to buff sandy shales 

Bluish black, hard, compact limestone 

Fragments of fossils. 

Shaly sandstone in massive layers 
. Gray arenaceous limestone 

(a) Buff sandy shale 

(b) Gray arenaceous limestone 

(c) Sandy, calcareous shale 


(a) Massive-bedded, bluish-gray limestone 
Fragments of fossils. 
(b) Compact gray siliceous limestone, almost 
quartzite m some places 
(c) Bluish black, evenly bedded limestone 


Strike N. 30° W., dip 10° E. 
* U.S. Geol. Survey, Bull. No. 30, pp. 33, 34, 1886. 


7 80 
8 18 
9 64 
10 50 ‘ 
11 40 
12 12 
13 70 
14 16 
15 40 
16 12 
17 52 
18 2 
19 
73 
20. 200 
6 
606 
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21. Buff to pinkish argillaceous shale, with fossils, and a 
few interbedded layers of limestone from 3 to 15 
inches thick 

Fossils: Hocystites?? longidactylus, Lingulella Ella, 
Kutorgina pannula, Hyolithes Billingsi, Ptycho- 
paria Piochensis, Zacanthoides typicalis,. Bathyur- 
iscus Howelli and B. producta. 

22. Massive-bedded, siliceous limestone ; weathering rough 
and broken into great belts, 200 to 300 feet thick, 
by bands of color in light gray, dark lead to bluish 

black; on sume of the cliff faces the weathered sur- 
face is reddish 1,570 

23.* Bluish black limestone in massive strata, that break 
up into shaly layers on exposure to the weather. 
The latter feature is less distinct 850 feet up, and 
the limestone becomes more siliceous, with occa- 
sional shaly beds 

Fossils: Near the summit specimens were found that 
are referred to Ptychoparia minor. 


Summary OF SEcTION. 
. Quartzite 
. Limestone and shales (argillaceous and arenaceous)--. 1,450 
3. Massive limestone 


At the horizon of Nos. 2 and 3 of the section, the Olenellus 
or Middle Cambrian fauna occurs; a fauna whose stratigraphic 
position is known in several sections. The next well-marked 
grouping of fossils occurs in No. 21, where, in the section 
and at a corresponding horizon in the Pioche section, the 
species mentioned in No. 21 were found. Of this fauna the 
two following species occur in the collection from Mt. Steph- 
ens, viz: Zacanthoides spinosus and Bathyuriscus Howelli. 
The same type of fauna occurs in the Cambrian section of 
the House range, at Antelope Spring, Western Utah, where, of 
the species found at Mt. Stephens, there occur: Agnostus inter- 
strictus and Olenoides Nevadensis. 

Acrotreta gemma is found in No. 2, in the Highland section, 
near Pioche, Nevada, and it ranges up into the Upper Cam- 
brian, in the Eureka District. Hyolithellus micans, although 
a common Middle Cambrian species, has not been identified, 
heretofore, west of New York. 

Of the eight species found at Mt. Stephens, six are strati- 
graphically located in the Cambrian system. Two species— 
Ogygia ?? Klotzi and Ptychoparia Cordillere—are unknown 
to me from any other locality. 


* Quite a fauna occurs in 23, as found one mile farther south on the line of section. 
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The next superior fauna to the Olenoides of No. 21, is that 
occurring in No. 23, of the Highland section. It is of Upper 
Cambrian or Potsdam age, and contains: Belle rophon antiqua- 
tus, Pleurotomaria (3 undetermined species), Hyolithes (3 new 

ecies), Dicellocephalus Pepinensis, Dicellocephalus (type of 
D Minnesotensis), Dicellocephalus sp., Ptychoparia (Euloma ?) 
dissimilis, Ptychoparia sp.?, Arethusina Americana, lanu- 
rus sp.?. Of this fauna two species are identical with those 
from the higher Potsdam fauna at Eureka, viz: Ptychopuria 
(2. ?) dissimilis and Arethusina ? Ame ricana and Belle 7O- 
phon antiquatus and Dicellocephalus Pepinensis oceur in the 
Upper Potsdam sandstone of Wisconsin. The presence of the 
Pleurotomaria-like shells and the species just mentioned corre- 
lates the fauna with that of the upper horizon of the Potsdam 
faunas of Wisconsin and Nevada.* 

From the data mentioned I am led to the conclusion that the 
Mt. Stephens fauna described by Dr. Rominger should be re- 
ferred to about the horizon of the upper portion of the Middle 
Cambrian fauna. This og hy ta united with the discovery 
of the Olenellus fauna by Dr. George M. Dawson, in 1885, near 
Kicking Horse Pass, on ‘the line of the Canadian Pacific rail- 
way, le ads me to think that the Middle Cambrian fauna will be 
found to extend all along the western side of the great Kewee- 
nawan continental area, from Southern Nevada far into British 
America, and that that area will be found to belong to one 
geologic and faunal province of the Cambrian system.+ 

As Dr. Rominger has described nearly all the forms from 
Mt. Stephens as new to science it is necessary for me to review 
his work, since I have otherwise identified them in my work 
on the Middle Cambrian fauna. 

He describes the new venus, Embolimus, and five new 
species of trilobites, viz: Ogygia HKlotzi, O. serrata, Emboli- 
MUS spinosa, EK. rotundata and Conocephalit 8 Cordillere. 
He also identities J/onocephalus Salteri ? Billings, Bathyu- 
rus ?, Agnostus (compare A. integer Barr.”) and the genera 
Orthis, Obolelia, Kutorgina, Lepteena?, Metoptoma and Hyo- 
lithes. 

Embolimus.—The generic name Embolimus was given by 
Westwood to a ~_ of Hymenoptera in 1833.8 It was 
spelled Embolemus by W estwood and was corrected by Pro- 
fessor Agassiz in the Nomenclator Zoologicus 

The first species named under this genus by Dr. Rominger, 
Embolimus SPiNOSA, was described as Ol noides Spinosus in 

#* Loe. cit., p. 35. 

+ This Journal, III, vol. xxxiii, pp. 139-157, 1886. 

¢ U.S. Geol. Survey, Bull. No. 30, 1886. 

§ Phil. Mag., II, 1833. 
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1886,* and the second species, Ambolimus rotundatus, as 
Bathyuriscus Howelli.+ 

When studying the Georgia fauna, in 1885, I found that the 
genus Olenoides was probably the same as the genus Dorypyge 
of Dames.t Wishing more material for comparison I left all 
the species under the genus Olenoides. A large, fine species 
of the genus Olenoides was collected in the Cambrian shales of 
Northern Alabama, in ‘1886, which proved conclusively that 
Dorypyge was founded on a species congenerie with the type 
of Olenoides. I then recognized that the species Olenordes 
typicalis, O. spinosus, O. levis and O. flagricaudatus formed 
a distinct generic group, which I was having drawings prepared 
to illustrate when Dr. Rominger’s paper appeared. As the 
generic name proposed by him is preoccupied, I 
the name Zacanthoides, including in it: Z. typicalis, Z. spino- 
sus, Z. levis and Z. flagricaudatus. The species remaining 
under Olenoides are O. Nevadensis, O. Marcoui, O. quadri- 
ceps and O. Wasatchensis. 

By a comparison of specimens I found that Hmbolimus 
spinosa Rom.=Zacanthoides spinosus Walcott, Himbolimus 
rotunduta Rom.=Bathyuriscus Howelli \V aleott, Ogygia ser- 
rata=Olenoides Nevadensis Meek; and that Conocephalites 
Cordillere Rom. = Ptychoparia Cordillere Rom. (sp.), and 
Ogygia ?? Klotzi Rom. are new to the previously known Cam- 
brian fauna. 

ZLacanthoides spinosus Walcott, 1886=Embolimus spinosa 
Rominger, 1887.—This is a strongly marked species and occurs 
at Pioche and Eureka, Nevada, and in the collections from Mt. 
Stephens. 

Bathyuriscus Howelli Walcott, 1886$=Embolimus rotun- 
datus Rominger, 1887.—In the type figure of this species one 
segment has been forced beneath the head, a fact that was 
overlooked in the original specimen. A comparison of speci- 
mens from Mt. Stephens with the type from Pioche, Nevada, 
shows them to be specifically identical. 

Oenoides Nevadensis Meek= Ogyyia serrata Rominger.— 
This fine species is the type of the genus Olenoides; and a 
comparison of the specimens from Mt. Stephens with the type 
specimens leaves no doubt in my mind as to their specitic 
identity. 

Ptychoparia Cordillere Rominger.—A specimen of this 
species, 23™" in length, has nineteen segments in the thorax 
and in this respect is similar to Ptychoparia Piochensis Wal- 
cott, from the same horizon, at Pioche, Nevada. The head, 

* U.S. Geol. Survey, Bull. No. 30, p. 184, Plate XXV, fig. 6. 

+ Loe. cit., p. 216, Plate XXX, figs. 2, 2a. 

Loe. cit., p. 221. 

$ U. S. Geol. Survey, Bull. No. 30, Plate XXX, fig. 2. 
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however, is unlike that of the latter, being more closely related 
to that of P. Kingi Meek. 

Ogygia ? Klotzi Rominger.—This is a fine, large species, 
and distinct from any known to me from the Cambrian ter- 
rane. It is more a type of the second fauna than of the first ; 
and its reference to the genus Ogygia is in accord with its gen- 
eral characters. It differs, however, in the important feature 
of having an ocular ridge extending from the anterior margin 
of the eye to the dors al furrow, beside the glabella. The pal- 
pebral lobe is also more narrow and elongate than the eye of 
most species referred to Ogygia. All other parts of the head, 
thorax and pygidium relate it more closely to Ogygia than to 
any other genus. The oldest known species of the genus, 0. 
Selwyni Salter, from the Arenig terrane of Wales, is not 
quite so closely related in form to 0.? A /otzi as to the @. 
Buchi from the Llandeilo terrane. 

It is unusual that a genus, showing so little variation from 
Ogygia, occurs at a much lower horizon in an area separated 
by over 5,000 miles, from the area where the species of Ogygia 
flourished at a later period in geologic history. 

Agnostus interstrictus White= Agnostus Rominger. —This 
species of Agnostus is very abundant at Antelope Spring, 
Utah, where it is associated with Olenoides Nevadensis, as at 
Mt. Stephens. 

Acrotreta gemma Billings.—The broad, low form of this 
species occurs compressed in the shaly slate. The specimens 
at hand are poor, but they appear to be identical with those 
from the Cambrian horizon at Pioche, Nevada. 

Kutorgina Prospectensis Walcott ?.— A fragment of a species 
of Kutorgina, closely related to A. /’rospectensis, occurs on the 
slate in association with Ptychoparia Cordillere. It is not 
improbable that it represents a new species. 

Hyolithellus micans Billings. —Black, shiny, concentricaily 
striated or smooth, compressed tubes occur in the shale with 
the trilobites, that appear to be identical with 77. micans of 
the Middle Cambrian fauna of New York, Vermont and 
Canada. The “slender stems,” mentioned by Dr. Rominger, 
may be the same as the slender shells of this species which 
appear like compressed stems formed of shiny carbonaceous 
matter. 

It is doubtful what the specimen identified as Alenocephalus 
Salieri ? is. It may be the young of Bathyuriscus Howelli. 
The specimen figured as Bathyurus? is too badly defined to 
identify it. It certainly does not belong to the genus Bathyu- 
rus. Of the remaining genera mentioned by Dr. fominger I 
do not find any traces in ‘the material before me with the ex- 
ception of a fragment of a species of Orthis. 
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Art. XVII.— History of Changes in the Mt. Loa Craters ; by 
JAMES D. DANA. 
[Continued from page 112.] 
RELATIONS OF KILAUEA TO MT. LOA. 

THE position of Kilanea “on the flanks of Mt. Loa,” 9500 
feet below the level of the summit, plainly suggests the idea of 
its later and dependent origin. If the two were begun at the 
same time, why, it is naturally asked, should not Kilauea have 
approximately the same size as Mt. Loa’ With the same time 
to grow in, and a distance between the two nearly equal to that 
between Kea and Loa, and a crater as large and still active, 
would it have stopped at less than one-third the height and 
have raised its summit only 300 feet, at the best, above the 
Mt. Loa slopes ? 

Several of the islands, Oahu, Molokai, Maui, and perhaps 
also Kauai, consist of two voleanoes united at base, or are vol- 
canically twins ; and Hawaii is a double twin, one couplet con- 
sisting of Kohala and Kea, and the other of Hualalai and Loa, 
provided Kilauea is subordinate to Mt. Loa. In all the twins 
the eastern of the two combined volcanic mountains is the 
larger. But Kilauea, although the eastern on Hawaii and the 
easternmost of the whole group, is one of the smallest. The 
greater size of the eastern volcano in a couplet has come from 
its continuing longer in action; and this is proved not simply 
by the size, but also by the evidence of long extinction, and 
therefore long exposure to denuding agents, in the western 
mountain ; that is by the depth and extent of the valleys of 
erosion, the time-marks, over it.* There is other evidence also 

* As this evidence of the lapse of time is important, I here cite a few sentences 
from the chapter in my Exploring Expedition Geological Report, on the ‘“ Origin 
of the Valleys and Ridges of the Pacitic Islands,” pp. 379-392. 

‘* Mount Loa, whose sides are still flooded with lavas at intervals, has but one 
or two streamlets over all its slopes, and the surface has none of the deep valleys 
common about other summits. Volcanic action has had a smoothing effect, and 
by its continuation to this time, the waters have had scarcely a chance to make a 
beginning in denudation. Mount Kea, which has been extinct for a long period, 
has a succession of valleys on its windward or rainy side which are several hun- 
dred feet deep at the coast and gradually diminish upward, extending in general 
about half or two-thirds of the way to the summit. But to westward it has dry 
declivities, which are comparatively even at base, with little running water. A 
direct connection is thus evinced between a windward exposure and the existence 
of valleys. And we observe also that the time since volcanic action ceased is 
approximately or relatively indicated; for it has been long enough for the valleys 
to have advanced only part way to the summit. Degradation from running water 
would of course commence on such slopes [windward slopes] at the foot of the 
mountain, where the waters are necessarily more abundant and more powerful in 
denuding action, in consequence of their gradual accumulation on their descent. 


“ Haleakala, or eastern Maui, offers the same facts as Mount Kea, indicating 
the same relation between the features of the surface and the climate of the dif- 
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in the fact that the slopes of the ag of the mountains in 
each twin island are partly buried by the more recent lavas of 
the eastern—Kohala by those of Kea, western Oahu by those 
of eastern.* The order in time of extinction thus derived, 


which my Report presents, is as follows : 


Kauai. 5. Northeast Oahu. 
2. Southwest Oahu. 6. East Maui. 
Western Maui. 7. Mt. Kea, Hawaii. 
4, Kohala, on Northwest Hawaii. 8. Mt. Hualalai, Hawaii. 
9. Mt. Loa and Kilauea. 


ferent sides of the island. On eastern Oahu the valleys are much more exten- 
sive; yet still the slopes of the original mountain-cone may be iu part distin- 
guished. And thus we are gradually Jed to Kauai, where tlie valleys are very 
profound and the former slopes can hardly be made out. The facts are so pro- 
gressive iu character that we must attribute all equally to the running water of the 
land. The valleys of Mount Kea, extending some thousands of feet up its sides, 
sustain us in saying that time only is required for explaining the existence of any 
similar valleys in the Pacific. As in Tahiti, these valleys in general radiate from 
the centre, that is, take the direction of the former slopes; they often commence 
at the central summits and terminate at the sea-level instead of continuing be- 
neath it.” (pp. 384, 385.) 

“With literal truth, therefore, we may speak of the valleys of the Pacific 
islands as the furrowings of time and read in them marks of age. We also learn 
how completely the features of an island may be obliterated by this simple pro- 
cess, and even a cluster of peaks like Orohena, Pitohiti and Aorai of Tahiti, be 
derived from a simple voleanic dome or cone. Mt. Loa alone contains within 
itself the material from which an island like Tahiti might be modelled that should 
have nearly twice its height and four times the geographical extent ” (p. 391.) 

‘We need add little in this place on the capabilities of running water after the 
statement, based on mathematics, that the transporting power varies as the sixth 
power of the velocity. If we remember that these mountain streams at times in- 
crease their violence a million-fold when the rains swell the waters to a flood, all 
incredulity on this point must be removed.” ‘There is everything favorable for 
degradation which can exist in a land of perpetual summer; and there is a full 
balance against the frosts of colder regions in the exuberance of vegetable life, 
since it occasions rapid decomposition of the surface, covering even the face of a 
precipice with a thick layer of altered rock, and with spots of soil wherever there 
is a chink or shelf for its lodgement. The traveller —t a valley on one of 
these islands on a summer day, when the streams are reduced to a mere rill which 
half the time burrows out of sight, seeing the rich foliage around, vines and 
flowers in profusion covering the declivities and a the trees. and observ- 
ing scarcely a bare rock or stone excepting a few, it may be. along the bottom of 
the gorge, might naturally inquire with some degree of wonder, Where are the 
mighty agents which have channeled the lofty mountains to their base? But 
though silent, the agents are still on every haud at work: decomposition is in 
slow but constant progress; and the percolating waters are acting internally if 
not at the surface. Mcreover, at another season, he would find the scene changed 
to one of noisy waters careering along over rocks aud plunging down heights with 
frightful velocity, and then the power of the stream would not be disputed.” 
(p 389.) 

* The wonderful valleys of Kohala are given on the map of Hawaii, making 
Plate 1 of this volume. They are some of the deepest, most abrupt, and most 
beautiful in the :slands, and are well described in Miss Bird’s Six Months in the 
Sandwich Isiands. Subsidence may have been concerned in the origin of part of 
them. 
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Here again the system seems to require that Kilauea should 
be made an appendage to Mt. Loa. I reproduce here from my 
Report the cut drawn to show these relations of the constituent 
voleanoes. In this diagram Kea and Hualalai are made to 
spread too far over Kohala, the central region of which should 
have been left uncovered ; but the general idea conveyed is I 
believe correct. 
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On these grounds, I concluded, in 1840, that Kilauea origi- 
nated over a great fissure made at some Mt. Loa eruption. 

This conclusion is not accepted in the report of Mr. W. T. 
Brigham, Captain C. E. Dutton, or Mr. W. L. Green. 

1. The apparent independence of action in Kilauea is one of 
the opposing arguments ; and itis a strong one. There is com- 
monly no sympathy in their movements, although both have 
craters of unusual magnitude which are in frequent eruption 
and essentially in continuous activity ; and although the open 
vent of Kilauea with its boiling lavas is but 3600 feet above 
the sea-level (in 1840 but 3000 feet) against 12,900 for the Mt. 
Loa crater. They have had some nearly simultaneous erup- 
tions ; but the larger part of the greater eruptions of Mt. Loa 
have taken place while the lava-lakes of Kilauea were in a state 
of undisturbed ebullition. There was remarkable harmony of 
action in the earthquake eruptions of the two in 1868; but it 
has been shown that the earthquakes which set off Kilauea 
were of Mt. Loa origin, made through Mt. Loa fires, and hav- 
ing their centre over thirty miles distant from Kilauea beneath 
the Mt. Loa slopes; and this harmonious action therefore does 
not indicate much sympathy between the two fiery neighbors 
after all. 

2. In August, 1887, my examination of the walls of Kilauea 
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on the side toward the summit of Mt. Loa resulted in discover- 
ing no great dikes or other signs of former dependence on Mt. 
Loa. This evidence is not of great value, because the wall 


now exposed to view may 


be far inside of the wall of the 


greater original crater, just as the wall of the “lower pit” of 
1840, which was in general without dikes, was inside of the 


HAWAIIAN 
ISLANDS 


Kemlakekup 


2080 


o 
= 
< 


wall of 1832 and 


1823, and of the ‘outer wall of 
the crater for each of these per- 
iods. 

3. The distance between the 
craters of Mt. Loa and Kilauea 
is about the same that exists be- 
tween the other great volcanic 


centers of the islands. But this 
argument, urged by Mr. Green, 
is indecisive, especially in view 
of the small height of Kilauea. 

4. A new argument may be 
derived from the relation of Kil- 
auea to the two parallel ranges of 


islands constituting the Huwar- 
can group. These ranges are 
indicated on the accompanying 


map by the lines connecting the 
islands. The northern or “KEA 
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range,” as I call it in my Expedition Report, includes north- 
eastern Oahu, eastern Molokai, eastern and western Maui, 
and, on Hawaii, Kohala and Kea; the southern or “Loa 
range” comprises southwestern Oahu, western Molokai, Lanai, 
Kahoolawe, Mt. Hualalai and Mt. Loa, “with Lua Pele [or 
Kilauea] on the flanks of Mt. Loa.” The Loa and Kea 
ranges have a mean trend of about 8S. 60° E. To the 
eastward the line of each range inclines increasingly to the 
southward. The northern, in its course from Maui through 
Kohala to the summit of Kea, becomes 8. 45° E. in trend; and 
the southern from Kahoolawe to Hualalai and the summit of 
Mt. Loa has nearly the same course. 

Now the line of the northern or Kea range, if continued on 
with only a little more southing, strikes Kilauea; while that of 
the southern points southward far away from it. Avlawea ap- 
pears, therefore, to belong to the Kea or northern range and 
not to the Loa or southern; and if so, it is not an appendage 
to the latter, or to Mt. Loa, one of its voleanoes. 

There is seemingly a “clincher” to this argument. The 
great craters are generally situated over the intersection of two 
fissures, one of which is the course of the range of islands and 
the other transverse to it, as stated by Mr. J. M. Alexander.* 
Now the line of the Kea range strikes Kilauea very nearly at 
right angles to its longer diameter in accordance with this rule. 
Further, the line of the Loa range, or better a line from the 
summit of Hualalai, strikes Mt. Loa precisely in the same way. 
This coincidence, which the map well shows, seems therefore to 
prove that Kilauea belongs to the Kea range and not to the 
Loa. The substitution of a line from Hualalai for that from 
Kahoolawe is reasonable, because the fissures over which the 
Hawaiian volcanoes were formed were probably independent 
for each island, though conforming to the general system. The 
summits of Kea and Loa are corresponding points in the two 
ranges, and Kilauea is an advance of one stage beyond Kea in 
the Kea range; it is owing to this that the longer diameters 
of the Loa crater and Kilauea make an angle with one another 
of about 32°. It is interesting to note, also, that the longer 
diameter of the crater of Mt Loa, or especially its southern 
half, points to the top of Mt. Kea; and that a line from Loa to 
Kea is nearly parallel to one between Hualalai and Kohala; so 
that the parallelogram enclosed has angles nearly of 70° and 
110°.+ 

* This volume, page 38. : 

+ Mr. W. L. Green, in his “ Vestiges of the Molten Globe.” brings forward a 

theory for the origin of the general features of the globe, which supposes its de- 


formation from contraction on cooling to have developed feature lines crossing at 
angles of 60°—a “tetrahedral symmetry "—and, subordinately to these other 
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Notwithstanding the independence of Kilauea, there may 
still at times be evidence of some sympathy ; for the two great 
active lava-columns are only twenty miles apart. 

The evidence does not make it certain, however, that Kilauea 
originated as early in the history of Hawaii as either Kea or 
Loa; for the original fracture extending in that direction from 
Kea may at first have been sufficient only to let out a flood of 
Javas, and subsequently have been further opened and crossed 
by a greater fissure, so as to produce over it the permanent 
Kilauea vent. 

5. Whatever the fact asto the relations of Kilauea and Mt. Loa, 
I believe they still sustain my old conclusion that voleanoes are 
not safety-valves ;{ for “if while Kilauea is open on the flanks 
of Mount Loa, lavas still rise and are poured out at an elevation 
of 10,000 feet above it, Kilauea is no safety-valve even for the 
area covered by the single mountain. Volcanoes are indexes 
of danger; they point out the portions of the globe which are 
most subject to earthquakes.” The safer place is somewhere 
else. And among volcanic mountains, one that is really dead 
is a preferable neighbor to the voleano that has been smoulder- 
ing from time immemorial. For the emission of heat by hot 
springs, geysers or fumaroles. within a dozen miles is pretty 
good evidence,:as at Tarawera, New Zealand, that liquid rock 
is at no very great depth below; too deep to receive from de- 
scending waters the moisture that may contribute energy to the 
fires and produce voleanic activity, but not too deep to be 
opened on an extreme emergency, so as to give entrance toa 
flood of waters for the most terrific of eruptions. 


CONTRAST BETWEEN VOLCANOES OF THE MT. LOA AND 
VESUVIUS TYPES. 

The marked contrast between voleanoes of the Mt. Loa and 
Vesuvius types based on the liquidity of the lava, making Mt. 
Loa discharges té be almost solely outflows, and those of Vesu- 
vius, both upthrows of cinders and outflows of lava, has been 
sufficiently explained (xxxv, 28). With this exception, the 
contrast as to their eruptions, as well as to their ordinary ac- 
tion, is far less than is generally supposed. 


lines at right angles to the sides of the triangle. His map of the Hawaiian 
Islands, which is covered with triangles, represents one of these lines as merid- 
ional, and one accordant, consequently, with the mean trend of the group, or 
nearly so. On page 147 of his work, it is stated that confirmation of his hypothesis 
is seen in the fact ‘‘that the direction of the longer axis of the elliptical craters of 
Mokuaweoweo and Kilauea is N. 30° EK.” But the facts appear to be that the 
longer axes of the two craters diverge 32° in direction, and that of Kilauea has 
nearly the course N. 52° f. Moreover. the trend of the island volcanoes of the 
group varies greatly in going from one end of the range to the other, and in this 
the Hawaiian is like other ranges over the ocean. 
¢ Expl. Exped. Report, p. 221. 
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There is no reason to regard the forces as different in kind 
or mode of action. If the outside waters gain slow access, at 
depths below, to the lavas for the ordinary action of a volcano 
in Hawaii, they can at Vesuvius; and the force from the 
escaping vapors that, in this ordinary action, will make jets of 
lava of 30 feet to 600 feet, will make jets of cinders of far 
greater height. Moreover, as the erupting force at Mt. Loa in 
non-explorive eruptions, is not due to vapors inside the lava-col- 
umn, since it does its chief fracturing part way down and some- 
times far down the mountain instead of about the summit, and 

sauses a quiet condition in the crater instead of violent action, 

so it is essentially at Vesuvius. In explosive eruptions at Ve- 
suvius, on the contrary, the explosive force is due to vapor-gen- 
eration inside of the lava-cauldron, the projectile action being 
vastly increased, as at Tarawera in 1886 and Krakatoa in 1883 
(page 104). 

As the observations at Vesuvius of Scacchi and others have 
shown (and my own two visits to Vesuvius, one just before an 
eruption, enable me to appreciate) high-lava mark in the vol- 
cano, or that of readiness for a discharge, is attained in the 
same way essentially as in Kilauea. After a down-plunge fol- 
lowing an eruption (as a result of the undermining), leaving 
the crater hundreds of feet in depth and the upper extremity 
of the lava-column at a still lower level, work again soon com- 
mences, provided the lava-column was not so profoundly cooled 
off by the aggressive waters aud vapor-generating as to be left 
too deeply buried. For a while the fractures in the bottom of 
the crater emit only vapors. Later, projectile action begins at 
one or more points, making conical cinder-deposits by the peri- 
centric action, with now and then an addition to the inside aceu- 
mulations from small outflows of lava about the bases of the 
cones or from their vents. The throws of cinders and flows of 
lava are kept up at irregular intervals, and the level of the floor 
rises. After the height within has become much increased, 
small fissures oceasionally open throngh the outside slopes and 
let out some lava; but the ejections are mostly retained inside 
except in the later period of progress when some of the high- 
thrown cinders may fall over the outside of the mountain or 
drift away with the wind. Years pass; and finally the crater’s 
bottom, bearing a large cinder cone, or more than one, reaches 
that high level in which it becomes actually the summit- -plain 
of Vesuvius, and the fires are visible in the cracks of the plain 
because the liquid lavas are not far below it.* High-lava mark 
is thus attained and an eruption may be at hand. Severe earth- 
quakes are not needed in the work any more than at Kilauea. 

* T may refer here to a cut representing Vesuvius in this condition in my Text- 
jag od Geology, made from my sketch in 1834, and to a paper in this Journal 
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How far the ascensive force in the lava-column contributes 
to the change of level in the floor of Vesuvius nobody knows. 
The question has hitherto hardly been considered. It prob- 
ably does its part, for, the liquid lava rises with the rising 
floor, following it closely. 

With the column of liquid lava thus lengthened, making the 
mountain ready for a discharge, the danger of catastrophe is 
great for the same reasons as at Kilauea. But the danger is 
greater than there. It is greater because the forces from 
vapor-generation and hydrostatic pressure have a weaker 
mountain to deal with—one that has steeper sides and there- 
fore thinner walls to the lJava-cauldron, and walls that are 
partly cinder-made. It is greater because also of the nearness 
of the lava-column to the sea, the distance being only four 
miles, while in the case of Silicon it is over nine miles and in 
Mt. Loa over twenty; so that at Vesuvius water from two 
sources, the sea and the land, is close by. 

Causes that produce earthquakes may make a rent in the 
Vesuvian lava-conduit that will let in water for an explosive 
eruption; but usually it opens the way, as at Mt. Loa, for a 
comparatively quiet escape of lava, however disquieting the 
event may be to deluged villages. 

The loss by upthrows and outflows tends to produce a sink- 
ing or down-plunge of the floor of the crater, and some fall of 
its walls to the new bottom, as in Kilauea. At the Kilauea 
eruption of 1886, the outflow drew off the lavas of a lava-lake 
half a mile in diameter; the crust of lava that covered the 
borders of the lake, along with portions of the walls, conse- 
quently sunk down, and the cavity or crater left by the dis- 
charge was half a mile across and between 500 and 600 feet in 
depth. This is little different from the ordinary event in 
Vesuvius, except that the loss by the discharge at Kilauea is 
almost solely by outflow, and no high, weak-sided cone sur- 
rounds the vent to suffer from the disaster. It is true that the 
Kilauea lava-lake in the eruption just referred to occupied only 
asmall part of the great crater. ‘But its diameter was as large 
as the lava cauldron of Vesuvius has been before any of its 
modern eruptions; and the movements in the lake were the 
same that would take place were all Kilauea one great lake. 

Explosive eruptions might prove more disastrous to a Vesu- 
vian cone than to one of massive Mt. Loa style; but not be- 
cause the explosion has the power of blowing off the moun- 
tain’s summit—which failed to happen at Tarawera in 1885 
although the vent was closed and is not a possibility when the 
vent is an open one—but chiefly because a steep-sided moun- 
tain is likely to lose more in height than a broad lava-cone from 
the same amount of undermining. 


| 
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We may hence conclude that (1) Vesuvius and Mt. Loa are 
instructive examples of the effects of the same volcanic forces 
and methods under different conditions as to rock materials and 
heat ; and (2) systematic: study inside of craters between vol- 
canic eruptions is what the science most needs. 


In another paper, the results of volcanic action will be 


further illustrated from observations made, the past year and 
earlier, in the islands of Maui and Oahu. 


Art. XVIIT.—On the formation of deposits of Oxides of 
Manganese; by F. P. DuNNrINGTON. 


In explanation of the transfer of compounds of manganese, 
which has taken place in the formation of geological deposits, 
the only agency mentioned in works on chemical geology as 
taking prominent part is that of carbonated water, forming 
the soluble manganese bi-carbonate. Dr. Bischof remarks,* 
“With regard to the formation and alteration of manganese 
spar, the same relations obtain as in the case of iron spar.” 
However, Fresenius has shown+ that bi-carbonate of iron and 
of manganese are obtained under different conditions. There 
is possibly a hint of the formation of manganese sulphate 
given by Kersten,t but it is not definitely mentioned. 

I propose in this article to call attention to the probability 
that manganese sulphate has taken a very important part in 
the formation of deposits of manganese ores. 

Bunsen’s analytic method for the valuation of manganese 
ores is based upon the fact that an acid. solution of a ferrous 
salt will dissolve the higher oxides of manganese, with the for- 
mation of a corresponding amount of a ferric salt. Havin 
observed the promptness with which such solutions are effected, 
I was led to make some examination of the action of similar 
solutions upon compact forms of oxide of manganese, and 
further to ascertain some of the conditions under which solf- 
tions of ferrous sulphate, ferric sulphate and manganese sul- 
phate are decomposed. With this in view, the following ex- 
periments were made: 

1st. There was prepared a solution of ferrous sulphate and 
sulphuric acid in such proportions as would result from the ox- 
idation of iron pyrites and solution in 25 parts of water. In 
500 ¢.c. of this solution, a lump of crystallized pyrolusite was 
suspended near the top of the liquid for 48 hours, resulting in 

* Chem. and Phys. Geol., vol. i, p. 57, trans. Oav. Soc. 


+ Loc. cit., vol. iii, p. 531. 
t Loe. cit., vol. i, p. 160. 
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dissolving a thickness of ‘804 mm. (as calculated from the spe- 
cific gravity of the mineral, area of the surface exposed and 
loss of weight); a rate of solution equivalent to 6 inches in 
one year. 

2d. A lump of compact psilomelane was similarly suspended 
in the acid ferrous solution and a thickness of ‘506 mm. was 
dissolved in 48 hours; equivalent to 3-78 inches in one year. 
In each of the foregoing experiments a corresponding amount 
(45 and 12 per cent of the total) of the ferrous salt was con- 
verted to ferric. 

3d. A glass tube 3 cm. in diameter and 20 em. in length, 
contracted at one end, was filled with a mixture of coarse 
powders of psilomelane, 75 grm., disintegrating pyrites (from 
Marienburg near Bonn), 100 grm. and glass. Through this 
tube two liters of water were allowed to percolate in the 
course of 24 hours, and in the liquid was found manganese sul- 
phate, 7 grm., ferric sulphate, 1°45 grm. and sulphuric acid, 
4°34 

4th. Through the above filled tube, two liters more of wa- 
ter were similarly passed and this dissolved of manganese sul- 
phate, :154 grm., ferric sulphate, ‘07 grm. 

5th. Through the above filled tube, two liters more of wa- 
ter were passed, while a continuous current of air was drawn 
through the tube; this dissolved of manganese sulphate -292 
grm., with about ‘07 grm. of ferric sulphate. 

6th. The glass tube was then refilled, as at first, but using a 
bright granular pyrite (from Louisa Co., Va.). The current 
of air was kept up, and two liters of water, dropping at a uni- 
form rate, were passed through the tube in the course of 
twenty-one days; this dissolved of manganese sulphate ‘098 
grm. and no iron, whilesa small amount of ferric hydrate was 
formed and remained in the tube. 

7th. A neutral solution of ferrous sulphate digested cold 
with manganese carbonate, air being excluded, no change takes 
place ; but when heated to 100° C. for two hours, considerable 
manganese sulphate and ferrous carbonate were formed. 

8th. Ferric sulphate solution reacts immediately upon man- 
ganese carbonate, forming manganese sulphate, ferric hydrate 
and earbonic acid. 

9th. By reason of the fact, which is familiar, that ferrous 
sulphate solution is rapidly oxidized when exposed to the air, 
we find that when it is in contact with manganese carbonate, 
in the presence of air, the manganese carbonate is decomposed, 
forming manganese sulphate, ete., as above. 

10th. A neutral solution of ferrous sulphate with calcium 
carbonate, sealed in a tube under carbonic acid, was heated to 
100° C. for two hours; mutual decomposition took place, 
forming ferrous carbonate and calcium sulphate. 
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11th. Ferric sulphate solution reacts immediately upon eal- 
cium carbonate, forming calcium sulphate, ferric hydrate and 
carbonic acid. 

12th. Ferric sulphate solution digested cold or hot with 
powdered manganese oxide was not altered. 

13th. Ferrie sulphate solution was digested cold for nine 
days with sawdust and powdered psilomelane; considerable 
manganese sulphate was formed. 

14th. Manganese sulphate solution is not altered by expos- 
ure to air, but when so exposed, and also in contact with eal- 
cium carbonate, manganese oxide is gradually formed. 

15th. Manganese sulphate solution, digested cold with. cal- 
cium carbonate in a sealed tube, is not altered; when heated, 
it is feebly affected, a little manganese carbonate being formed. 

In view of the foregoing observations and results, it appears 
possible that many deposits of manganese in calciferous rocks 
owe their formation to the action of solutions of sulphates, and 
possibly an illustration of such action is presented in the man- 
ganese deposits of Crimora, Augusta Co., Va, which occur 
under the following conditions. 

In the Shenandoah Valley, the upper portion of formation 
I (Rogers) is composed of shales which are well decomposed 
to a great depth, interspersed with remaining calciferous 
ledges, and as they pass westward these alternate with, and are 
succeeded by, ledges of siliceous: limestone. In these decom- 
posed shales, we find pure neutral iron ores, free from manga- 
nese, and associated with them there are manganiferous limon- 
ites and also psilomelane of high grade, frequently appearing 
to have grown in similar condition, and sometimes the same 
mass is composed in part of manganese and in part of limonite. 
South of the Potomac, no pyrites is visible in these shales, pos- 
sibly owing to the great depth to which they have been de- 
composed; but at Harper’s Ferry, the iron ore lying in the 
same geological horizon has been worked down until compact 
pyrites has been reached. The presence of the pyrites in the 
latter renders it probable that it did exist extensively in the 
shales above described. 

Assuming that pyrites did thus exist, generally distributed, 
we might expect a deposition of ores to have occurred in some 
such manner as the following. 

Where pyrites has been deposited and subsequently has been 
exposed by reason of erosion, the outcrop is gradually con- 
verted into limonite by weathering, and the acid solution of 
ferrous sulphate which sinks into the underlying deposits, 
must carry with it all manganese associated with the decom- 
posing sulphide, also that in any disintegrating silicates and 
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such as is distributed through the soil in the form of oxides or 
carbonate. As this solution is exposed to the air or meets 
with calcium carbonate, it will lose iron, the calcium carbonate 
removing all free acid, and an excess of the latter rock will re- 
move all iron from the solution, as ferrous carbonate, while the 
manganese sulphate would remain in solution until exposed to 
both air and calcium carbonate at the same time. Of course, 
the deposition of either iron or manganese oxides from solu- 
tions of sulphates by action of calcium carbonate results in the 
formation of calcium sulphate, which is carried away in solu- 
tion in the water; so that the calcium is either wholly or in 
part removed from the strata in which such deposits are 
formed, and we would expect to find only occasional ledges 
remaining as we find in the vicinity of the Crimora deposit. 

An additional argument for the transportation of manganese 
as sulphate rather than bi-carbonate lies in the great depth at 
which some deposits of manganese are found; for the bi-car- 
bonate would deposit oxide of manganese, wherever ex- 
posed to the air, while the sulphate would, where calcium ear- 
bonate had been previously removed, need to penetrate to a 
greater depth before reaching the conditions for its deposi- 
tion. Moreover, the fact of the concentration of the manga- 
nese in masses rather than its general distribution through the 
decomposed shale would indicate that some condition addi- 
tional to the exposure to oxygen had determined its deposition. 

It is also to be noted that after all sulphur is removed from 
the overlying strata, the subsequent action of carbonated water 
might then occasion some transfer and redistribution of the 
previously tormed deposits. 

University of Virginia, April 6th, 1888. 


Art. XIX.—Maawell’s Theory of the Viscosity of Solids 
and Certain Features of its Physical Verification ;* by 
Barus. 


1. THE viscosity of solids has been theoretically discussed in 
the memoirs of O. E. Meyer, Boltzmann, Neesen, Warburg, 
Maxwell, and Butcher. Views of a distinctly theoretical kind 
have also been given by Weber and Kohlrausch, and more re- 
cently by Nissen. In almost all cases, excepting alone Butch- 
er’st work, which formulates the theory of Maxwell,t the 
problem has been approached from distinet points of view. 


* Communicated by permission of the Director. This paper makes up a chap- 
ter of aU. S.G.S. Bulletin on the Viscosity of Solids. which will form the second 
contribution to certain experiments on the Physical Constants of Rocks, following 
a plan devised by Mr. Clarence King. 

+ Butcher: Proc. Lond. Math. Soc., iii, 1878. 

¢ Maxwell: ‘‘ Constitution of Bodies,” Encyclop, Brit., 9th ed., p. 310, 1876. 
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Despite the diversity of methods of discussion and the elab- 
oration of evidence, the results do not in any case so fully rep- 
resent the phenomenon as to lead to general acquiescence in one 
elementary physical hypothesis. Boltzmann’s theory is  per- 
haps the most powerful and is elegantly worked out; but it is 
purely mathematical in character. Maxwell’s theory has the 
broadest physical basis, although left by its author in shape 
merely of a terse verbal sketch. 

Now it seems to me, if indeed I may venture any assertion, 
that Maxwell’s theory is a version of Williamson’s* theory of 
etheritication, and of Clausius’st theory of electrolysis. The 
transition made is from unstable groupings of atoms to unsta- 
ble groupings of molecules. But preserving minutely all the 
essentials of Maxwell’s argument, the experiments of this 
paper permit me to go one step further, by which viscosity is 
a phenomenon evoked by certain changes of molecular struc- 
ture, the inherent nature of which is ultimately chemical. I 
say chemical because if molecular break up occur, cardinal 
questions at once arise as to the manner of removal of the 
debris; and the phenomenon thus depends not only on the 
past history, but on the immediate future history of the typical 
mean configuration. The analogy of the three theories is very 
close, so that they admit of generic classification. ‘They are 
examples of the invasion of statistical method into liquid and 
solid molecular kinetics. 

The behavior of steel when regarded as a viscous solid and 
in the light of known facts,t is cvieiels in favor of the 
view to be advocated ; and it was the direct bearing of some of 
the results on Clausius’s theory of electrolysis, that led me to 
suspect a chemical explanation,$ before I became aware of the 
existence of Maxwell’s article. To show how clearly Maxwell’s 
theory interprets the complex and almost anomalous phenom- 
ena of viscosity exhibited by steel, is the chief endeavor of the 
present paper: but I shall also add other matter. 

2. It is desirable to pass in brief review the divers hypothe- 

ses on the nature of solid viscosity to which I have referred. 

O. E. Meyer’s| theory is the earliest and most direct. It 
discusses the action of elastic forces in a medium of imperfect 
elasticity, and develops formule to express the diminution of 

* Williamson: Ann. d. Chem. u. Pharm., xxvii, p. 37, 1851. 

+ Clausius: Pogg. App., ¢, p. 353, 1857; ibid., ci, p. 338, 1857. 

¢ I refer in particular to the work of Dr. Strouhal and myself. These papers, 
systematically discussed and enlarged, are embodied with much new matter in the 
Bulletins of the U. S. Geological Survey, viz: Bull. No. 14, pp. 1 to 226, 1885; 
Bull. No, 27 pp. 30 to 61, 1886; Bull. No. 35, pp. 11 to 60, 1886; Bull. No, 42, pp. 
98 to 131, 1887. Other references are given in the text. 

§ This Journal, III, xxxiii, p..24, 1887. It is much to be regretted that Max- 
well’s theory was published out of the line of a physicist’s usual routine reading. 

| Meyer: Pogg. Ann., cli, p. 108, 1874. 
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stress in virtue of the occurrence of internal friction.* The 
results to which Meyer’s formula eventually leads are incom- 
plete and were not fully verified by subsequent experiment. 
The theory is therefore sharply antagonized by Boltzmann,t by 
Streintz,t and by Kohlrausch.§ In a later paper Meyer| 
partially assents to these adverse views, acknowledging that 
the theory does not reproduce the phenomenon actually ob- 
served. It also fails, as Kohlrausch (1. ¢.) pointed out, in pre- 
dicting an insufficiently slow time of occurrence. After giving 
reasons for dissenting from Boltzmann’s and from Neesen’s 
hypotheses, Meyer proceeds to partially develop an older idea 
of Weber’s.4| This physicist referred viscosity in solids, to 
partial molecular rotation, a view adopted by Kohlrausch, ## by 
whom it has been more clearly interpreted. The rotations 
underlying Weber’s phenomenon are considered identical with 
the rotations of molecule postulated by Clausiust+ in discussing 
shear. Following Meyer and others, “ elastische Nachwirkung” 
is a possible occurrence in liquids. 

Boltzmann’s}{ theory, amplifying deductions of Lamy and of 
Clebsch, is based on the assumption that the elastic forces are 
dependent not only on the present but on the preceding de- 
formations of the body. The effect of earlier states of stress 
on the existing stress diminishes with the intervening time 
but is independent of intervening states of stress. Different 
viscous deformations are superposable. Boltzmann’s theory, 
therefore, presupposes the phenomenon§§ and brings the laws 
of viscosity tersely into formule. If o is an interval of time 
reckoned back from ¢-w, when the strain 6,,, existed, then 

3oltzmann’s law may be or exhibited in its application to 
the problem of aati of a viscous solid. Given a wire of 
the solid of length / and saline f. Let the upper end be 
fixed, and the lower end be attached to a heavy bob, ‘whose 
moment of enertia for the given conditions is A. Then the 
equation of motion is (slow oscillation presupposed) 

* Following the usage of the term by Navier, Cauchy, Poisson, St. Venant, 
Stokes, Stefan. Cf. Meyer, l. c. 

+ Boltzmann: Pogg. Ann, Ergiinzb. vii, p. 624, 1876. 

Streintz: Pogg. Ann., clv, p. 588, gt ibid., cliii, p. 405, 1874. 

§ Kohlrausch: Pogg. Ann., elx, p. 225, 1877. 

| Meyer: Wied. Ann, iv, p. 249. i878.” 

4 Weber: Pogg. Ann., xxxiv, p. 247, 1835; ibid., liv, p. 1, 1841. 

** Kohlrausch: Pogg. Ann, exxviii, p. 413, 1866: cf. also ibid., exix, p. 337, 
1863. 

tt ‘‘ Wenn ein solcher Korper fremden Kraften unterworfen wird, die von ver- 
schiedenen Seiten ungleich unf ihn wirken, also z. B. nach einer Dimension ge- 
dehnt wird, wahrend er nach anderen Dimensionen frei bleibt oder gar zusammen- 
gedriickt wird, dann die Molekiile neben ihrer Verschiebung sich auch etwas 
drehen kénnen, indem sie in Bezug auf ihre Kraftrichtung den ungleichen Spann- 
ungen etwas folgen....” Pogg. Ann., Ixxvi, p. 66, 1849. 

ae Boltzmann: Pogg. Ann., Erganzb., vii, p. 624, 1876. 

§§ Kohlrausch: Pogg. Ann., clx, p. 227, 1877. 
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where D is the moment of the applied couple, # Lamy’s con- 
stant and ¢ some function of w. 

Replying to Meyer’s critique that a theory of this kind is at 

variance with the present state of knowledge in atomistics, 
Boltzmann* disclaims all present purpose to connect his theory 
with definite physical hypotheses. He points out, however, 
that the assumed dependence of the existing strain on fore- 
going deformations, is easily justified when the simultaneous 
changes of molecular configuration are taken into account: for 
it is not necessary to suppose that the elastic forces, as such, 
have any dependence on the preéxisting stress. The changes 
of configuration in question are closely similar to Maxwell’s, so 
that in this respect, Boltzmann’s theory may be looked upon as 
one form of mathematical development of Maxwell’s physical 
hypothesis. I may add that Boltzmann tested his theory with 
data of Kohlrausch, Neesen, and Streintz. A special series of 
experiments subsequently undertaken by Kohlrauscht give 
additional strength to Boltzmann’s deductions. The theory 
does not, however, pr edict permanent set. 

A theory similar to Boltzmann’s, but atomistic in character, 
is due to Neesen.t It also assumes the occurrence of solid vis- 
cosity. Neesen distinguishes the forces producing and retard- 
ing motion and the final purely elastic forees which obtain 
when viscous motion has subsided. Neesen practically postu- 
lates a change in the constants of elasticity. Warburg objects 
to Neesen’s deductions because they contain no reference to the 
form of the molecule. Meyer (1. ¢.) fails to find in it definite 
causal relations to the observed viscous motion. 

Braun’s| research, though largely experimental in character, 
deserves mention here, because of special light which it throws 
on the superposition of different viscous “deformations. Ex- 
cepting in glass, he finds that these molecular motions do not 
take place independently of each other. He concludes that 
elastic and viscous deformations owe their occurrence to forces 
of different origin, and he refers viscous motion to the partial 
rotations postulated by Weber and Kohlrausch. 

Warburg,§ following out the suggestions contained in 


Braun’s results, formulates a new theory in which viscosity is 


* Boltzmann: Wied. Ann., v, p. 430, 187 
+ Kohlrausch: Pogg. Ann., clx, p. 225, 1877. 
Neesen: Pogg. Ann., clvii, p. 579, 1876. 
Warburg: Wied. Ann., iv, p. 233, 1878. 
| Braun: Pogg. Ann., clix, p. 337, 1876; cf. Kohlrausch: Pogg. Ann., cx, p. 
227, 1877. 
4 Warburg: Wied. Ann., iv, p, 232, 1878. 
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the result of partial rotations of molecules of a form other than 
spherical. 

Nissen’s* theory is unique. He considers the ether in the 
space surrounding the body, in its relations to the ether within 
the intermolecular spaces of the body; and he bases his theory 
on the conditions under which the external ether enters the 
said intermolecular spaces, when the body is deformed by stress. 
He thus obtains both a time and a thermal effect In many re- 
spects this curious theory seems to me to anticipate Osborne 
Reynoldst in recognizing the importance of the “ dilitancy ” of 
a granular medium. 

3. Maxwell’st theory would require more extended com- 
ment; but the terms in which his views are expressed are so 
precise, that it is impossible to abbreviate them. cf. $9, 14. 
Aside from the remarks of the next paragraph, the ideas 
underlying Maxwell’s theory have been given by many others, 
indeed by almost all the chief writers on solid viscosity ; but 
Maxwell carries them through consistently to a complete theory. 

I have stated that Maxwell’s theory is the analogon of Clau- 
sius’s theory of electrolysis. Where the latter uses “ Theil 
moleciile” and electromotive force to effect chemical decom- 
position, Maxwell has unstable configurations and stress avail- 
able to produce permanent deformation. In Clausius’s case the 
number of decomposable molecule (i. e. unstable configurations 
as regards the action of electromotive force), in any given case 
of actual electrolysis, is practically infinite. This corresponds 
to Maxwell’s viscous fiuid, hard or soft. In a viscous solid, 
molecular configurations are present in all degrees of stability, 
with a sufficient preponderance of stable configuration to con- 
stitute a solid framework, The relative number of unstable 
configurations varies with the viscosity of the material. If, 
therefor e, I conceive the case of an electrolyte exhausting itself 
with respect to electrical conductivity, by the chemical decom- 
position induced by current, until conduction cease, I have the 
analogon of a solid which is reaching the limit of viscous de- 
formation. cf. $21. 

From this analogy it follows that a solid () electrolyte is 
necessarily viscous; whereas a viscous solid is only an electro- 
lyte when the molecules break up into parts oppositely charged. 
Again, a viscous solid (?) is probably more viscous when under- 
going electrolytic decomposition, than when no current passes 
through it. Experiments to the same effect can however be 


* Nissen: Inaug. Dissert., Bonn, 1880. (Not accessible to me.) 
+ Reynolds: Phil. Mag., V, xx, p. 469, 1888. 

Maxwell: ¢., p. 311. 

I have since been at some pains to verify this surmise, working with glass at 
360°. But the experiments thus far are not decisive because the amount of cur- 
rent passing through glass is not only very small. but soon cease 28 entirely even 
in the case of thin-walled tubes (W arburg, Wied. Ann., xxi, p. 62 
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made with greater facility, if the solid operated on is such that 
special instability of molecular configuration is superinduced 
by heat, instead of electrical action. Such a solid is hard steel, 
in which in addition to the ordinary thermal instability, what 
may be called a carburation instability of molecular contigura- 
tion asserts itself, even at mean atmospheric temperatures, and 
in the homogeneous metal. Inasmuch therefore as the gist of 
Maxwell’s theory i is instability of configuration, it follows that 
the evidence which can be derived with reference to it, from 
hard steel, must be unique in character: for despite the 
extreme hardness and elasticity of tempered steel, instability 
of molecular configuration demonstrably exists,* and is distri- 
buted uniformly throughout the metal; moreover the number 
of unstable groups can be’ made to vary over an enormous 
range, at pleasure. 

I must distinctly state, however, at the outset, that Maxwell 
limits his considerations to configurations of molecules. The 
responsibility of fusing Clausius’s and Maxwell’s theories rests 
with me. ‘The step is dictated by the behavior of steel, in 
which the integrity of the molecule is certainly invaded with- 
out producing essential differences in the character or history 
of the viscous phenomena. §13. I may note that the occur- 
rence of chemical change makes the hy pothesis verifiable. 

4. Perhaps the experiments already made on the viscosity of 
steelt are a sufficient guaranty for the deductions of this paper ; 
but as the above remarks clearly show, that data tending to 
throw light on the ultimate nature of viscosity are urgently 
called for, I shall add some further experimental results. To 
obtain these I made use of a perfected form of the apparatus 
described elsewhere. t 

For several purposes touched upon in the course of the present 
work, it is necessary to indicate the theory of the said appara- 
tus more fully than was done in the earlier paper. Given a 
continuous straight steel wire of length Z, to which a con- 
venient rate of “twist, t, has been imparted. Consider two 
right sections whose distance apart is the unit of length, and 
let 2 29 be the amount of viscous angular motion§ of ‘the first 
relative to the second, during the given small time ¢, for the 
fixed rate of twist r. To fix the ideas, let the wire be adjusted 
vertically, and provided with an index to register angular 
motion at a distance 7’ above the lower end. Then will the 
motion of the index due to viscous detorsion of two sections 

* B. and §.: this Journal, IIT, xxxii, p. 276, 1886. 

+ B. and S.: this Journal, xxxii, p. 444, 1886; xxxiii, p. 20, 1887. 

B.: this Journal, xxxiv, p. 2, 1887. 

§ In the earlier paper (xxxiv. p. 1) I erroneously called this quantity ¢ instead 
of 26; but this inadvertancy does not conflict with the purposes of the data there 
given. 


i 
i 
i 
4 
! 
t 
i 
j 


184 C. Barus— Viscosity of Solids. 


whose position is # and whose distance apart is dx (x> 7), dur- 
ing the time ¢ be 
dip = pde. 

For at every section the viscous motion is such, that if the 
contiguous parts immediately below the section slide in a given 
direction, the parts immediately above it slide, in equal amount, 
in the opposite direction. Again, of the two equal and oppo- 
site viscous motions which take place on any section, only the 
part nearest the index will influence it. 

This premised, suppose furthermore that the parts of the 
wire below the index, the parts whose position is 0 to l’, be 
kept at a given constant temperature and be of the same tem- 
per throughout. Let those parts also, of the wire above the 
index be of the same or any uniform temper; but let them be 
heated to different constant temperatures. Thus let the vis- 
cous detorsion between w=0 and a=/' be typified by ¢’; be- 
tween and /, by ¢,; between and by ¢g; 
between w=a and x=ZL by ¢,; in which the differences of ¢,, 
¢, g, are evoked by differences of temperatures of the parts of 
the wire to which these data refer, whereas g’ may differ from 
all these by any increment of temper, as well as of tempera- 
ture. Then the influence of the viscous detorsion in each of the 
parts in question, on the index whose position is =/’, will be 


L dx a da B dx l de 
where Z—/’=/. Hence the motion, ¢, of the index is 
p 


pol (9, In +@,I\n 7) In T° 


Now if the experiment is so conducted that g,=yg,=g’, and 


,_1 
l=l’=-L, which implies uniformity of temper throughout the 


wire from 0 to Z, then 
a 
In = 
which suggests the most convenient method of experiment. 
If it is possible to heat the upper wire uniformly throughout 
its length, this equation takes the form ¢=/ (g—g’) In2. If ¢’ 
is negligible relatively to g, this method leads to absolute results. 
There is another case which facilitates experiment. Let 

¢=90, /=l’. Then 
a 


If the behavior of the wires for g=g, (i.e. for the case in 
which the upper wire has the uniform temperature correspond- 
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ing to g,) be known, this equation is similar to the preceding. 
In general and intermediate cases, correction members must be 
investigated. 

If a series of detorsions ¢g be observed at 6°, and another 
series, 9, at 6°; if (0) and g=n/2H(Gauss’ method of 
angular measurement), then In 2, 
where / is the distance between mirror and scale in em and 
where V and ~ are the scale parts (em) corresponding to 0° 
and @°, respectively. Hence the distance of the individual 
curves for 6’ and @° apart varies directly as g, This result, 
though simple enough, has special bearing on the text below. 

5. The following tables exhibit the new results for steel. 
About twenty rods were examined. ‘Table 1, after enumerat- 
ing the rod (“No.”), and stating the temperature at which it 
was annealed (“ An.’’) from glass-hardness, gives the amount of 
twist, t (radians), temporarily imparted per unit of length, and 
2%g+yg’), the mean amount of viscous detorsion, in radians per 
unit of length, observed immediately after the end of the 
experiment. 2y+g’) is therefore the mean viscous effect 
of t impressed on the system of two vertical wires. Hence 
t+2(ot+y')=2z2/L. Furthermore, 6’ is the temperature of 
the lower wire, 6 that of the upper wire, and (g—g’)/r (radi- 
ans) is the amount of viscous detorsion, as observed at the 
index between the wires, at the time specified, per unit of t. 
Regarding this differential quantity, which is the chief datum 
of the tables, it is merely necessary to call to mind that 2g is 
the viscous detorsion, per unit of length of the upper wire, for 
the rate of twist t; and 2g’ has the same signification relatively 
to the lower (normal) wire. The reference to the unit of t is 
a convenience permissible when z, as in the present work, has 
nearly the same value throughout.* 

The normal wire, No. 7, with which all the other steel wires 
are compared, is annealed from hardness at 450°, and has been 
twisted back and forth till viscosity is practically unchanged 
by further twisting within the same limits. It is therefore in 
a state of extreme viscosity, and at the same time less liable 
to permanent set than a soft steel wire. Its dimensions are 
/’=30™, radius=p=0°0405™, so that 2’=/. The wire of un- 
known viscosity is examined at 20° (nearly), and immediately 
after at 100°. Two experiments are made at each tempera- 
ture with z alternately positive and negative. When z and 
(y—’)/r have the same signs (the usual case), the lower wire, 
No. .1, is of greater viscosity. In case of 6=100°, only a 
part of the upper wire, length a=a—/, could be heated; the 
remainder being kept at the lower temperature 0’. Time is 
conveniently given in minutes, reckoned after twisting. 

* In how far such reductions are generally permissible, cf. Weidmann: Wied. 
Ann., xix, p. 220, 222, 1886. 
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TABLE 1.—Viscous DETORSIONS OF HARD STEEL. 


p==0°0405". a=28°5™, 


T 103 No. T | 


An. | 2(0+9’) | 6 | 


—°1045 


20 + 0°00 
20 


0014 


1030) 


0017 


"49 

— 0-00} 


“Or 


"1033 


—‘0014 
+°1007 


+0041 


+ Q'00 


| 
| 


—*1027|100) 
20 


| 
| 


+°1027)100) 


—*0020 


+0020 


7/100 
20 


—°0020 


+ .0020} 


9 
‘ 
9 


—+1027 


—-0020 
| +1021 


7/100] 


| 99) 


—*0041 


+°0998'100} 


99 


+0049 


+ 


—'1035 


—"0012 


19 


+0012 


‘18 
“40 


“26 


+ 0°00 
“00 
‘09 


—°'1019 
— 


+1015 


100 
19 


— ‘0024 
+ *1003 100 
19 


+0044 


— 0°00 


16°28 


— 0-00 


— 3°30 


— 4:32 


0°00 
3°12 
5:94 
6°97 


— 542 
—11°19 
-- 15°28 
— 


65 
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(= 
No. | S | 
An. | = 
450° 4150 pe 6 — 1°35 
59 07 18 — 2°89 
—*0003 60 09 29 — 3°66 
45 — 4°53 
| 58 — 5°10 
20 — 0-00 #+ 0-00 
20 8 09 20 20 2°51 
28 - °18 | 33 3°76 
+0020 52 "18 AT 4°72 
3 | —1033; 20 2| 3 —°102 2 — 0:00 
450° 20 6| $00 | | 1] — 1°30 
| 19 20 
| 28 34 — 2°22 
| 44 48 — 2:89 
| 8 — ‘04 20 10 4°58 
| 20 — ‘(4!/ | 18 6°84 
30 — 24 8-09 
4| 22 — 0-00'| 4 — 100” 3 — 0-00 
360°| 22 360 15 — 2°56 
| 43 = 28 — 364 
54 — — 4-48 
22 + 0:00 (00 
22 33 213 = 12 7°83 
44 2°33 22 11°21 
64 2°56 37 14°49 
49 
5| 23 3 | 
360° 23 15 — 360 23 22 
21 am.” 86 32 
34 
23 2 + 0°00 100 9 + 
23 12 ‘36 23 7 
27 "45 + 0032 27 
6 2 — 0°00 6 — ‘1023 l 
190° 19 5 190 a 4 
29 
36 ~19 
19 19 P| 5 12°02 
| 3] 10 19 53 
15 24°96 
| 20 28°7! 
26 32°56 
| 32 35°42 
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TABLE 1—continued. 


—*1027) 
2 


—*0020! 


+1009) 


+°1003,100,) 


30 
20 


+0017 


2) 
7 


| 
| 


—*1007 100 
20 


3 


| 


—°0041 


moe 
=| 


20) 9 

16 

26 

+0044 | 40 


—’1007,100 3 


—-0041) 


+°0995100—: 


—"1033| 
—-0014/ 
+°1023| 
1 
+0023 


+ 0:00)! 


Accident. 


—*1041 


—°0006 


+0023 


0°00 | 
2°52)| 


3°60), 


—°‘0974/100 
20 


+0073) 
+°0968/100 


20 


+0078 


+.1007|100 
20 

| 


—-0041| 


+0966) 100 


0:00 


22°18 
35°89 
48°97 
63°17 
70°81 
76°16 
87°40 
90-05 
99°65 , 


— 0°00 
— 12°59 
— 22°80 
—32°45 
—38°95 
—42°69 
+ 0:00 
8°51 
45°41 
59°98 
73°30 
81°72 
91°75 


: 
187 | 
7 | 2 — 0°00|| 7 | — 0:00 
190°) 0 8 — 0°93)) 190°| — 5°70 
18 — 1-48]| | —16:33 
| — 28°63 
| | | —36°79 
| —39°64 
20 l + 0°00) | + 000 
| 20 9 1:69 | 15.89 
| 20 2°56| | 23:58 
30 3°01)) 30°39 
+0038) 50 36°40 
8 | —1035' 20] 000! § — 0-00 
190°| 20; 12 — °35)| 190 19 11 —13°27 
| 19 — ‘54 20 —21°34 
—0012 27 — | 32 —27-45 
| 55 —35'12 
+ 0°00 + 0°00 
0°63 | | 19} 25-08 
1 1°03 22) 39°11 { 
| 33 1°43 | 28 43-09 
44 +0052) 4] 50°86 
9 9] 2 — 9| —— 2 — 0:00 
100° 9) 8 — 0°79) 100°), —— |19| 5 — 25°74 
27 — 8 —39°60 
9} 10 1:49)| | 
31 3°37]| 
42 3°97|| 
10 1 — 0-00|| 10 | l — 0°00 
100° 20] 12 — 100°| 3 —29:°97 
| 25 — 1°94 7 —47°54 
388 — 2°39) 16 —82°69 
| 19 —91°64 
2 
20) 21 | 5 
— 45 | 8 
12 
| | | 18 
22 
25 
32 
35 i 
| | 42 
11 | —-1033] 21] — 0-00] 11 2 
100°| 21| 8 — 0°67|| 100° 5 
| | 82 — 1:16)) 10 
0014; | 48 — 1°29) 16 
| | | 99 
|_| | 26 | 
+1027 21; 2 + 0°00)| 3 
21) | 20 5 
| 26 16 
| | 37 3°14} 23 
| +70020) 50 3°57|| 31 
| | 37 
| | | | +70081) 45 


C. Barus— Viscosity of Solids. 


TABLE 1—continued. 
p=0°0405™, B==31-5om, 


12 | +° 1007 ‘ y + 0°00 “4 
26°| 6 25 


—*0044 
+0989} + «20°00 
4°19 
6°89 
7°96 
8°95 
0°00 
1°99 
4°11 
5'18 
5°60 
6°38 


nee 
GO 


+°1001 


oro 


— °0026 

+°1019 0°00 

+0029 11°22 

+°0047) 9°62|| +1041| 22| + 0°00 
—'1619) 20 - 0 1°50 

2°74 

— 0°00 

2°41 


| 


| 


—'0029} | 5: —"0014 


+1038 | 


‘0009 


The following table 2 is interpolated from the preceding, 
and contains mean values of (g—g’)/t, as derived from the two 
twists, z, alternately positive va negative. The justification 
of this mode of obtaining data for a chart is given in §9. 
Besides these data table 2 contains the number and temper 
(“An.”), and the electrical constant* (specific resistance, 8,, 
microhms, cc, 0° C.), as well as the differences s,—s,’ and 
8199) in Which the subscripts are the temperatures at ‘which 
8 is taken, and s’ is the constant of the normal rod, No. 1 
“Hence these electrical differences correspond to (y—g’) /t, 
when 6=0° C. and when 6=100° C., respectively. For No. 1, 

8 =18°6, s,—s,'=0 and (y—g’)/t=0. The values 
are in the same korkaalel row with the temperatures, 0, to 
which they belong. It is not necessary to distinguish s,—s', 
and s,,—s’,,, here. 


209 


* For definition of thermo-electric hardness, cf. Bull. No. 14, p. 65. 


188 
7 10 — 5°78 
| 1] 6°14 21 — 8°63 
j 99 10°07 31 —10°19 
+°0041 11°07 
+9993 99 9 0:00 
22 13 7°41 
90) 9°16 
| —*0053} 25 10°26 
13 | —-1007! 20 3 0°00 
25°| 20 12 3°52 
| 20 + 
| 15 1°53 "8 — 3°21 
40 
22 + «(000 
22 9 1°15 
19 1°91 
27 2°26 
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TABLE 2. 


, 
Values of — x 103, at different consecutive times. 


Time= 
2m, | 5™, | 10m, | 20, | 30m, | 50™, 


20 |—0°:00 |— °04 |— |— °12 
100 +0°00 +1°65 +2°76 | +3°63 |+4°26 | +4°84 


20 |—0°00 |— -09 |— -18 |— -28 |— -34|_— -38|— -40 
100 |+0°00 '|+1°69 | +2°90 +4°48 |4+5°75|}+ 
/4+0°00 -21 + -82 41°00 4109/4117 
100 0:00 4:70, 7:05) $70) 9:80! 10°80 
100 | 000 165) 2:90! 4:60) 5:88 


360°.\An, 450°. 


|An. 


100 11°00 18°70 
20 0:00 67; 1°27! 1°90] 
100 0-00! 7°50) 16°30 26°50 
~ 20 | 0-00 2] ‘49 “83 
100 0°00 9°00 19°00 | 30°20 | 36°70 
19 000, ‘44 ‘98 1:74] 2°26 
0°00 | 25°70 | 48°50; ___. 
000; 63 1:25! 2:00! 248 
0-00 | 20°50 41°00! 69-50 


| wo cr 
| | 
| 


An. 190°. 


| 


000! 157) 190 
0-00 | 13:00 2850 | 48:00 | 61°50 


000; 3:50 B15) 883 10°75 


° 
=) 
< 


| 167) 3:29) 515) 635 


20 3:10 580) 850! 10°15 


7. Before proceeding to a discussion of the results in tables 
1 and 2, I will insert a few introductory data which hold for 
pure platinum. The plan of tabulation and comparison is the 
same as that explained for steel, in the remarks preceding 
table 1. +, here is small, and 2(g+g’) large relatively to these 
data, because soft platinum is much more liable to assume per- 
manent set than steel. Moreover rt is impressed negatively 
throughout ; the changes of sign of (g—g’)/t are explained in 
the text below the table, and it is to this text that the letters 
a,b,..../f, refer. 
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No. So—S8"o. 
So 8190—8' 20 6 
( 2 0:8 
} 19°4 5°9 
L 19-2 56 
( 4| 04 
j 19°0 5 
26°40 
36°50| _... 
4130) 
186 
[ 372 24:2 
} 10 15°6 2°84] 
21-0 
14°9 21 214) 2°33 
335) 20:5 | 100 
12 20°8 20 
13 | 194 
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TABLE 3. 


Tiscous detorsion of platinum 6=@’. 


+ 6’) 


emarks. 
Remarks. 


> 


| Time. 


— 0:00 
—22-20 
—41-40 
—50°20 
—61°40 
— 65°80 
+ 0°00 
5°56 
19°60 
27:80 
30:00 
— 0:00 
— 10°90 
—17°50 
—29:20 
—33-00 
| —0813 3| —36°80 


1=26°2e™ | — 0867 9} —0:00 
p="0215°™) —3:°31 
| —4'42 

— 5°65 


—5'89 


— 0°00 —°0773 


—3:59 

—4 90 

+0°00 

20°60 

46°80 _ 
: 61°90 —°0396 
‘0766 d 71°90 


oe 


0826 


The two wires of table 3 were originally identical, so that 
the apparatus showed g=g’. Both wires were then twisted, 


but the lower more than the upper. The results under a indi- 
cate greater viscosity for the lower, a state of things which is 
only partially wiped out by annealing at red heat, in air, as 
indicated under 6. I then commenced the experiments proper 
of the table, by leaving the upper wire untouched and anneal- 
ing the lower wire at red heat. The results under ¢ indicate 
an enormous difference, the un-annealed wire being of greater 
viscosity. I then left the lower wire untouched and annealed 
the upper wire at red heat. The results under d again show 
an enormous difference, the un-annealed wire (now the lower) 
being of greater viscosity. I then again annealed the lower 
wire only, obtaining the results under e¢, corresponding to ¢, 
and finally again annealed the upper wire only, obtaining the 
results under 7, corresponding to d. The operation of alter- 
nate annealing might have been continued very much longer 
with practically the same results. In each case the freshly 
annealed wire shows a pronounced loss of viscosity, as com- 
pared with an otherwise identical wire, slightly twisted beyond 
the elastic limits. 

As compared with the effects of alloying, I found this result 
so large as to compel me to abandon my experiments on the 
viscosity of series of platinum alloys,—at least until the me- 
chanical error in question has been interpreted and brought 
under control. 


| 
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When two wires as nearly as possible identical (chemically 
and physically) are compared, the question arises in how far 
viscosity may vary with the time elapsed after annealing. 
The experiments made showed slight increase with the time 
given to the molecules to subside after annealing in air. The 
magnitude of these results is insignificant and often obscure 
and by no means comparable with the data of table 3. It 
follows that these are not a direct heat effect. Again the sign 
of the twist z, in table 3, is the same throughout. It must 
therefore be asked whether in these experiments an earlier 
stage of viscous subsidence overtakes a later stage. To throw 
light upon this point, it is sufficient to reverse the sign of the 
twist alternately, without fresh annealing; or to reverse the 
sign of the twist with each alternate annealing of the upper 
and lower platinum wire. In such a case a latent strain, fav- 
orable to motion, is imparted to the wire not annealed. Ex- 
periments which I made in some number show that the results 
of table 3 hold good, the character of the motion being dimin- 
ished in degree, but not in sign. 

All these results follow at once from Maxwell’s theory. 
They show that the above viscous effect of twisting is to be 
referred to motion of molecules which accompanies it; mole- 
cules are placed in new relations relative to each other; un- 
stable configurations are thus continually broken up, the action 
beginning at the outside layers. By reversing the sign of the 
twist, the original configurations are only partially restored, at 
best, even for small permanent set, such as is here in question. 
Finally the effect of prolonged and repeated twisting is stiff- 
ness, because all the unstable configurations have collapsed, and 
the intrinsic molecular energy is the potential minimum com- 
patible with the given conditions. 

8a. Steel wires were used in our earlier work,+ free from 
torsion strain. The hard steel wires of the present paper, 
employed in other researches, may contain twists stored up 
like residual -magnetism. This produces a kind of unilateral 
symmetry, so far as torsions are concerned ; but it is not other- 
wise objectionable. In critical cases wires free from latent 
torsion are selected. 

Turning to table 1, the individual wires are found to show 
wide differences of viscous behavior: In No. 2, the viscous 
subsidence takes place at nearly the same rate for —zc and for 
+7, both at @=20° and at 02=100°. In No. 8 the effect of—r 
and +7 is of different magnitude at 20°, and enormously more 

* The thermal effect without annealing is so nearly negligible as to prove that 
in Dr. Schroeder’s work (Wied. Ann., xxviii, p. 369, $§ 8, 13, 17. 1886), the ob- 
served result is to be ascribed to annealing hard drawn wire. 

+ B. and §.: this Journal, III, xxxii, p. 448, 1886; xxxiv, p. 4, 1887. 
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different at 100°. In No. 4, the effect of +7 following —r is 
even more phenomenally pronounced, both at 20° and_particu- 
larly at 100°. In No. 5 the wires nearly identical at 20° show 
differences at 100°. In No. 6 this is truein even much greater 
degree, whereas in No. 7 wires differing considerably at 20°, 
show relatively small differences at 100°. And so I might go 
through the series. Nos. 18 and 14 are wires originally free 

from strain (shear); but vagueness also appears in these. 

Careful inspection of the tables reveals the law, that vis- 
cous deformation takes place at numerically greater rates dur- 
ing the even twists than during the odd twists which immedi- 
ately precede them respective ly. Aside from these oscillations, 
the effect of twisting here, as in $7, is pronounced increase of 
viscosity. 

Maxwell’s theory accounts for the stated vagueness of be- 
havior at once. In two samples of a complex substance like 
steel, the distributions and relations of the unstable molecular 
configurations will only in very rare instances be physically 
and chemically identical. The foregoing paragraph shows that 
such ideutity is rare even in pure homogeneous metal. § 9. 

The effect of twisting alternately in opposite directions is of 
so great importance in its bearing on Maxwell’s theory that 
I made further special experiments. From these I select the 
following example, tabulating it as in case of table1. The 
normal No. 1, An. 450° has been described. No. 18, An. 25°, 
or glass-hard, is carefully selected free from latent torsion, 
having experienced no other strain prior to the examination in 
table 4, than that incident to tempering (quenching). There 
are twelve alternations of twist, indicated by subscripts, and 
the current time in hours and minutes of each is given. I also 
give under m, the time in minutes which refers specially to 
the duration of each twist. No. 1 being of greater viscosity, 
and (y—¢’) are alike in sign, by agreement. 

Experiments made by counter twisting two gilass-hard wires 
gave results like this, but on a smaller scale. To compare the 
results of table 4 perspicuously it is sufficient to construct the 
differences, J (y—g’)/t, of the respective value of (g—g’)/t, 
at two and four minutes after twist is imparted. These are 
then to be compared in their dependence on current time. 
Phenomena of this kind were called “accommodation” by 
Streintz,* their discoverer, by Wiedemann,+ Kohlrausch,t and 
others. The fact that Boltzmann’s law contains them is among 
its chief excellencies. 

* Streintz: Pogg. Ann., cliii, p. 406, 1874. 

+ Wiedemann: Wied. Ann., vi, p. 512, 1879. This work is the most searching 


and comprehensive of the relevant researches. 
¢ Kohlrausch: Pogg. Ann., elviii, p. 371, 1876. Cf. Schmidt: Wied. Ann., ii, 


p. 48, 1877. : 
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TABLE 4. 


Viscous effects of twisting glass-hard steel alternately in opposite directions. 
Normal wire No, 1; /=30°™ p=-0405™, 


Remarks. Time. |™ x 10°) Remarks. 1 Time. m — x 106 


No. 18 9h 18, +°102)125 om 
An, 25° 5 | —0-00 2 
—190 4 
—5°90 20 


—7'30 


bo 


+ 0°00 28 —0°60 
230 . —3°45 
7°50 * 
9°35 ‘ “0-0 

44 +0°00 

2, —0:00 


+°'102/104 


+ 0°00 
2°95 
4°40 


5°60 


ore 


—°102) 


—0-00 
— 2°30 ays 
—3°95 No. 18:3 9" 47", 0 
49 
51 | 4 
60 13 
No. 18:4 |+°102 102 2") 0 


to 
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+°102 114 


W or or te 
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—0-00 
—0°75 No. 18,5 
—3+45 


—-3°55 


oa 


x 108 


“60 
209 
232 
250 + 


. Jour. Sc1.—THirD SERIES, Von. XXXVI, No, 213.—SeEpr., 1888, 
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| 
0} _... 
2) +0°00 
4 0°85 
20 3°80 
No. 18, —-102)12" 24m 0) 
No. 18, |+°102) 92 37™) 26 2) ~0-00 
No. 18 
| —210 63 21) 3-70 
—£i5 No. 18,, 1» 5™ Q 
| <9) 7 | 2; —0-00 
No. 18, |) 0, 9 4° —0°65 
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No. 18:5 +°102) 185 23 ___- 
25 | 2! +0°00 
27 4) 0-70 
No. 18, 0 2°45 
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| 
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| oe 
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| 1:95 +0-00 
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| 9 15 (13 6°40 
| 4 —"102 102 17" 0 
21 19 | 2} —0°00 
57 |22) 21} 4; —0-90 
30 '13! —3-20 
TABLE 5.-- Viscous accommodation of glass-hard steel. 
—1-90 5 97™ —1-00 | 9 
2 24 + 2°30 6 | 118 +110 10 
3 49 —1°20 142 —0°75 1 11 
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If the numerics of 4(g—g’)/t be regarded in their depend- 
ence on time, the results are seen to oscillate around a mean 
line of equilibrium. The ordinates of this mean line decrease 
with time at a gradually retarded rate, until a definite inferior 
limit is eventually reached. It is curious to note that the 
largest observed ordinate (time = 0, nearly), is at least 3 times 
the limiting ordinate (time = o). After 12 twists oscillation 
has considerably subsided, but it has not ceased; in the same 
degree the viscosity of the glass-hard rod has reached a fixed 
maximum. 

This complicated phenomenon is at once elucidated by Max- 
well’s theory. The ordinates of the line around which oscilla- 
tion takes place, are an index of the degree of instability of 
molecular configuration, at the time given by the abscisse. 
The oscillations are the result of strain (latent shear, I called 
it) imparted to the configurations by the successive twists to 
which the wire is subjected. Thus if t be the impressed twist, 
and Jz the mean strain left in the contigurations at the instant 
when zt is removed; and if x be the original relative number 
of unstable configurations, and 4n the number broken up during 
the period of the strain z; then (: ypart from subsidiary consid- 
erations) Maxwell’s theory analyzes the effects of alternate 
twisting in accordance with the following scheme: 


Strain. Molecular instability. 


First twist ....... —T +n 
Second twist +#+7+Ar +n—An 

Third twist ....-- —7+A,7—A’r +n—A,n—A’n 

Fifth twist. ...... n—Asn—A’gn—A” 


The variation which J undergoes in passing from one twist 
to the next is indicated by subscripts. Thus Jr, 4,7, 4,7 

is probably a decreasing series; whereas Jn, J,n, ‘An, 
an increasing series because reversal of the sign of the twist 
must be supposed to reconstruct some of the configurations 
broken up by the preceding twist. The first part of the scheme 
indicates that the strain in the 2d, 4th, 6th. .. twists is neces- 
sarily greater than the strain in the immedi: ately preceding Ist, 
3d, 5th. . . twists respectively, at least at the outset of the ex- 
periments. Tlence the observed oscillation. Again the num- 
ber of unstable configurations must continually decrease, 
according to the second half of the scheme. Hence the mean 
line about which the observed viscous deformations oscillate. 
Finally experiment shows that the accelerating effect of Jz on 
viscous deformation is greater than the retarding effect of — dn. 
After this, however, the accelerating effect of 4,r—J4’,r+J’’r, 
and the succeeding t-quantities, is always less than the retarding 
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effect of —4,n—4dn—J4'’n, and the succeeding n-quantities, 
respectively, 

The scheme admits of simplification; but inasmuch as the 
period of oscillation is arbitrary, the phenomenon remains in- 
definitely complex 

8). The second part of table 4 shows that the viscosity gained 
in virtue of consecutive alternate twisting of glass-hard steel is 
permanently gained. The results indicate some recuperation ; 
but the amount is small in comparison with the havoe of con- 
figurations made by twisting. Mere molecular motion has 
therefore permanently broken the more unstable configura- 
tions. I will note that the viscous effect of prolonged twisting 
to and fro in case of glass-hard steel, is of the same order of 
magnitude as the effect of prolonged annealing at 100°. This 
indicates the importance of the motional effect in question. 

If, following the analogy of steel, I consider annealing a pro- 
cess by which unstable configurations are broken up, I may 
with due caution designate the phenomenon here in question 
as motional annealing. Experiments for which there is no 
room here showed that motional annealing is relatively without 
electrical effect. For increasing rates of twist thick wires show 
viscous deformation sooner than thin wires. Hence motional 
break up commences at the external surface where stress is 
most intense, and proceeds thence toward the axis where stress 
is least Thus there appears an essential dependence on the 
dimensions of the twisted rod. Elsewhere * I pointed out that 
the limits of torsional resilience of soft iron are reached when 
the obliquity of the external fiber (shear) somewhat exceeds 
003 radians. Regarding the laws of motional annealing, cf. 
$16. It follows from the absence of electrical effect, that mo- 
tional annealing probably presents a pure case of Maxwell’s 
“break up” of configurations of molecules. 

8c. Streintz and Wiedemann’s phenomenon “accommoda- 
tion” admits of representation from a different point of view. 
Returning to the data of table 4, suppose the experiment so 
conducted that the twelve twists are immediately consecutive. 
Suppose furthermore that time, m, instead of being reckoned 
positively onward from the “wor of each of the said twists, 
were reckoned alternately positive and negative, conformably 
with the sign of the deformations (g—g’)/z. In this oscilla- 
tory march {time as abscissa), since each deformation (ordinate) 
now begins where the preceding deformation ceased, a contin- 
nous series of open cycles is necessarily generated. The posi- 
tions of these cycles shift at a gradually retarded rate, toward a 
final very flat cycle, which for ‘the constant values of time and 
stress is fixed in position and closed. 


* This Journal (III), xxxiv, p. 183, 1887. 
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Cycles here, fixed or not, are expressions of the fact that the 
“past histories” (in Maxwell’s words) of the molecular config- 
urations in the “stress positive” and “stress negative” phase 
of each cycle are not the same. Shifting is brought about by 
permanent molecular break up, the amount of which gradually 
ranishes. In the ultimate and fixed cycle as many configura- 
tions are broken during the “stress positive” as are recon- 
structed in the “stress negative” phase, though they need not 
be the same configurations. 

These considerations suggest a comparison between “ accom- 
modation ” and Prof. Ewing’s* “hysteresis,” forthe purpose of 
detecting the extent to which like causes are discernable in 
each phenomenon. Both exhibit a static character. But such 
comparison would not be fruitful without special and direct 
experiments; for the ‘nstantancous values of stress and of vis- 
cosity must be eodrdinated. 

9. Having thus discussed one phase of the results in table 1, 
I pass to table 2, which is a digest of the mean values of table 
1, in so far as such a digest can be made. Following the scheme 
at the end of the preceding paragraph, this comparison should 
be made after an infinite number of twists have been imparted 
to each wire. In such a case, however, the original number of 
unstable configurations has been seriously reduced: so that 
apart from the annoyance of so time-consuming a method as 
this, the original properties of the wire are not clearly present 
in the results. In wires perfectly free from strain, at the out- 
set, the first twist leads to the best indications of the viscous 
quality. As this condition could not always be guaranteed for 
the wires of this paper, I have accepted the mean viscous be- 
havior during the first and second twists as the best available 
index for comparison. It is sufficient, at least for the present 
purposes. Again taking the mean for rods of the same nomi- 
nal temper, I obtain data from which a chart is easily con- 
structed, by representing mean viscous deformation (g—g’) / t, 
varying with time, for each of the divers degrees of hardness 
An, 25°, An. 100°, An. 190°, An. 360°, An. 450°. It so hap- 
pens that the normal rod, No. 1, is less viscous than the other 
rods, No. 2 and No. 3, of like temper. Hence the negative 
numbers in table 2, which may be eliminated by increasing the 
other data. 

Returning to table 2, it is clear, inasmuch as viscous deform- 
ations are measured differentially, that (g—g’)/zt and 4,—J’, 
are to be compared It appears that these quantities increase 
and decrease together. This is more easily discernable when 
3, 1885; ibid., IT, p. 361, 1886. 
f, also Cohn, Wied, Aun., vi. p. 


* Ewing: Phil. Trans. Roy. Soc., IT, p. 52% 
Prof. Ewing's earlier papers are there given. C 
403, 1879. 
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rods free from strain are compared.* The ne of table 
2 are due to the fact that latent strains influence (g—¢’)/t toa 
relatively much greater extent than 4,—J’,. Again if 
and (y—g’)/t be compared at 100°, table 2 shows that in this 

vase also the two quantities increase and decrease together. 
Indeed the data for 100° are the more uniform, a result “due to 
the fact that at 100° much of the latent torsion is made to 
vanish because of the annealing effect of 100°. Data of even 
greater uniformity cet. par. are to be looked for at higher 
temperatures. 

Ifa comparison is made between the mean rates at which 
viscous deformation and resistance increase together with tem- 
per, at 20° ((g—g’)/t and 4,—4’,), and at 100° ((g—¢’)/t = 
4ioo— 4’,,)5 it is seen that the mean rate of increase of (g—¢’)/t 
relatively to J—/’ is about ten times as great at 100° as at Joe 
This is the phenomenon in virtue of which the viscous be- 
havior of steel, regarded as a test of Maxwell’s theory, is 
almost erucially important. I shall endeavor to explain it. 

10. Dr. Strouhal and I defined the glass-hard state of steelt 
as the stage of temper which undergoes incipient annealing at 
mean atmospheric temperature. Inasmuch therefore as anneal- 
ing is demonstrably accompanied by chemical decompositions 
even at temperatures slightly above mean atmospheric, the 
molecular configuration Fs glass-hard steel is always in a state 
of incipient change | A part, though not the whole, of this 
change must be of a permanent kind; and I wish to keep in 
mind that at the temperature of incipient annealing the heat 
motion is such that broken configurations are sometimes recon- 
structed. 

Inasmuch therefore as glass-hard steel contains more unstable 
configurations than any other state of temper, at the same tem- 
perature, it follows from Maxwell’s theory that glass hard steel, 
despite extreme hardness, must be the least viscous member of 
the whole group of tempered and soft steel. This strikingly 
anomalous prediction of the theory is verified both by the re- 

* B. and S.: this Journal, (III), xxxiii, pp. 26, 27, 1887. 

+ Maxwell’s words are (l.c): “... but if, on account of rise of temperature 

. . the breaking up of the less stable groups is facilitated, the more stable groups 
may ag:in assert their sway, and tend to restore the body to the shape it had be- 
fore deformation.” 

t+ Wied. Ann., xi, pp. 962, 963, 1880. 

§ B. and S.: This Journal, (III), p. 276, 1886. 

| During the last three years I have been making experiments on the secular 
annealing of cold hard steel. The results are very striking and show that mean 
atmospheric temperature acting on freshly quenched steel for a period of years, 
produces a diminution of hardness nearly equal to that of 100° C., acting fora 
period of hours. I examined some tweuty rods, the specific resistance of which, 
within thirty-seven months, has fallen from 46°5 to 42°5, in the case of thin rods 
(diameter <9-08°™), and from 43:7 to 35°4 in the case of thicker rods (diameter 
0°13). Freshly quenched pieces showed resistances as high as 50, nearly. 
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sults of table 2, as well as in earlier work* in a way so pro- 
nounced as to be irrefragable. 

If glass-hard steel is annealed at 100°, the greater number 
of the unstable configurations are broken up in virtue of the 
increased molecular vibration at the higher temperature. The 
cold rod, after annealing, will show increased viscosity in pro- 
_— as the number of unstable configurations has decreased. 

xperiment proves this in a strikingly conclusive way: the in- 
crease of viscosity thus produced is marked, being nearly half 
the difference between the soft and hard states of steel. This, 
too, is an observation favorable to Maxwell’s theory; for if 
there be configurations with an inherent tendency to collapse 
at ordinary temperatures, but a small-fraction of them will sur- 
vive at 100°. Moreover the configurations broken up cannot 
be reconstructed without expenditure of fresh energy (quench- 
ing). Since no such energy is ordinarily available, the viscous 
properties of the annealed rod are of a permanent kind. 

Again if glass-hard steel (or steel annealed at 100°) be soft- 
ened by annealing at 200°, a greater number of unstable groups 
will be broken up than in the foregoing case. The viscosity 
of the cold rod must therefore be considerably greater than 
that of the hard rod. Experiment proves the viscous increase 
to be about two-thirds of the whole viscous difference between 
hard and soft steel. Analysis gives evidence of the occurrence 
of decomposition; and inasmuch as the unstable groups are 
permanently broken, the annealed rod shows determinate vis- 
cous properties. 

If glass-hard steel be annealed at 300°, 400°, 500°, ete., effects 
of the same nature as those just discussed, but differing from 
them in the degree of thorough removal of the unstable con- 
figurations, will result. 

The phenomenon as a whole must be considered continuous, 
both as regards temperature and time. In proportion as tem- 
perature is higher, however, Maxwell’s theory predicts that the 
effects of the same increment of the temperature of annealing, 
will produce increments of viscosity successively diminishing 
at a very rapid rate. Supposing molecular configurations 
originally present in all states of stability, it follows at once 
that the groups which retain this quality after annealing must 
very soon vanish when the temperature of annealing is in- 
creased. The data prove this in a convincing way: Rods an- 
nealed at 300°, 400°, 500°... .. 1000°, show about the same 
viscous behavior (relatively speaking), notwithstanding the fact 
that chemical analysis proves that the decomposition incident 
to the successive application of these temperatures on glass- 


* B. and S.: This Journal, xxxiii, pp. 25, 26, 1887. 
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hard steel, continues steadily to increase.* Indeed chemical 
decomposition above 300° is more marked than below 300° ; 
yet its bearing on Maxwell’s theory is now without interest, 
because in none of the high annealed rods do configurations 
unstable at mean atmospheric temperature survive after’ an- 
nealing. 

11. Having analyzed the phenomena at mean atmospheric 
temperature, [ come next to consider the conditions of mean 
relative viscosity at 100°. The glass-hard state must here be 
withdrawn, for consideration in § 13; because such a rod would 
undergo annealing during the viscous measurements at 100°. 

Hard steel annealed at 100° bears the same relations to 100° 
that glass-hard steel does to mean atmospheric temperature. 
Hence the reasoning of the preceding paragraph, mut. mut., 
applies at once. It is merely necessary to bear in mind, that 
100° is now the temperature of incipient annealing, and that 
therefore the temperatures which produce corresponding vis- 
cous effects are proportionately higher. Rods An. 200° now 
occupy about the same relative position that rods An. 100° did 
in § 9; An. 800° the same relative position as An. 200°, ete. 
Moreover for equal increments of the temperature of annealing, 
the increment of viscosity shown by the rod at 100° diminishes 
rapidly as temperature increases, ete. 

In one respect the present results differ from the above: the 
phenomena are here spread out over a scale (roughly estimated) 
about ten times larger. This means, following Maxwell’s the- 
ory, that at 100° the number of unstable molecular configura- 
tions is relatively much larger than at mean atmospheric tem- 
perature. The reasons, though not far to seek, are exceedingly 
significant. In hard steel, at 100° two. causes of molecular 
instability here produce superposed effects. The first is the 
chemical or carbon instability already discussed; the second 
cause is purely thermal. Cf. § 17 

The explanation of the diagrain for 100° is now clear. Vis- 
cous deformation is marked in all the rods examined for An. 
500° to An. 100°; but the deformability increases at a rapid 
pace in proportion as we pass from softer to harder steel, be- 
cause in such a march the carburation instability, superimposed 
upon the thermal instability, increases rapidly. Molecular con- 
figurations on the verge of instability are encountered in con- 
tinually i increasing numbers. 

12. The line of argument followed out for 100°, applies 
mut. mut. at 200°. Results of this kind I published else- 
where.t The character of the evidence bearing on all the 
points in question is here even more pronounced and conclu- 

* This Journal, xxxii, pp. 277, 282, 1886. 
+ This Journ., IIi, xxxiv, p. 14 to 16, 1887. 
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sive. Steel An. 200° is in a state of incipient annealing at 
200°. Thermal and carburation instabilities of high degree 
being superposed, the effects are correspondingly large. 

Finally above 300° the molecular instability is largely ther- 
mal. The behavior of hard steel therefore approaches that of 
other metals more nearly.* The effect of the carburation in- 
stability ceases to predominate, and finally vanishes altogether 
in proportion as the march is made from lower to higher tem- 
peratures of annealing. 

13. I have finally to touch upon the series of phenomena in 
which pronounced annealing occurs simultaneously with pro- 
nounced external viscous deformation. If, for instance, a 
glass-hard rod is twisted and then suddenly heated to 100°, the 
rod is both annealed and suffers deformation in virtue of the 
applied twist at the given temperature. Conformably with 
the excessively greater amount of molecular instability which 
characterizes these experiments, the observed viscous deforma- 
tion must be proportionately large. This prediction of Max- 
well’s theory is fully veritied by experiment. In the ease of 
the twisted rod postulated, the motion of the image across the 
field of the telescop« is so rapid, that Gauss’s method of angular 
measurement is no longer satisfactorily available. I may say 
without exaggeration, that during the small interval of time 
within which appreciable annealing occurs, a glass-hard steel 
rod suddenly heated to 300°, is a viscous fluid. I have shownt 
that if a glass-hard and a soft rod (cet. par.) be identically 
twisted and heated to 350°, the former will have lost all its 
strain, whereas in the soft rod only about 4 will have vanished. 

Advantage may be taken of two simultaneous causes of 
molecular instability in other and purely mechanical ways. 
Thus molecular instability is produced by drawing soft steel 
wire through a draw-plate, and the instability increases enor- 
mously with the intensity of the strain. Experiments which I 
made in some number by counter-twisting soft and hard drawn 
steel wire at 30° and at 100°, showed results quite comparable 
in striking interest with the behavior of tempered steel. The 
character of both phenomena is the same, so that as far as vis- 
cous comparisons go, the drawn strain replaces the temper 
strain perfectly. Cf. § 17. 

14. Viscosity in the above pages has been considered apart 
from the stress-intensity under which the deformation takes 
place. This is liable to lead to confusion, unless the stress 
relative to which the constants of viscosity are defined, be 
kept clearly in mind; or unless the terms viscosity be applied 

* Of. $17 

+ This Journal, I!I. xxxiv, p. 4, 5, 1887. [xperiments made by annealing 
twisted systems. 
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to solids in the restricted sense of “elastiseche Nachwirkung.” 
Thus if a glass-hard and a soft steel rod be subjected alike and 
at ordinarry temperature to torsional stress of continually in- 
creasing magnitude, a stress value will be reached for which 
the viscosity of the hard rod will be equal to, and eventually 
overtake the viscosity of the soft rod. I was able to exhibit 
this phenomenon in even a more striking way at 190°, finding 
that for rates of twist less than t=3°, steel rod (radius=0°041™) 
is much less viscous and more susceptible to the influence 
of temperature in proportion as it is permanently harder ;* 
whereas for rates of twist greater than t=6°, steel cw. par. is 
less viscous and more susceptible to the influence of the influ- 
ence of temperature in proportion as it is softer. 

Here I may profitably advert to certain considerations postu- 
lated in an earlier papert relative to the association of hard- 
ness with resistance against o-forces acting through zero-time, 
and the association of viscosity with resistance against zero- 
forces acting through o-time, all magnitudes being regarded 
from a relative point of view. ‘“ We may reasonably conceive,” 
is there further stated, “that in case of viscous motion the 
molecules slide into each other or even partially through each 
other, per interchange of atoms, so that the molecular contig- 
uration is being continually reconstructed; whereas in the 
other case (hardness) the molecules are urged over and across 
each other... .” In the ordinary case of scratching the 
action is usually accompanied by physical discontinuity of the 
parts tangentially strained. 

The intensity of stress by which the above deformations are 
evoked was nearly constant and equal to 0°5 kg. on centimeter 
of arm. This couple, when applied to the given steel rods 
(radius 0-041), is admirably adapted for the exhibition of the 
nearly pure viscous phenomenon, the “ Nachwirkung” of Weber 
and Kohlrausch. 

It is just here that certain cardinal distinctions must be 
made. According to Maxwell’s views, viscosity is the same 
phenomenon in liquids and in solids, and the molecular 
mechanism by which it manifests itself quite the same in both 
cases. There is nothing in the theory to induce the reader to 
limit viscosity in solids to certain special changes of contigura- 
tion. In solids at high temperatures, and of course in viscous 
fluids, there is indeed no need of distinction; and viscosity 
appears as the one property into which the other configuration- 
properties of solid matter eventually merge. In solids, at low 
temperatures on the other hand, the case is much more com- 


plex ; and whereas viscosity (“ Nachwirkung”) still appears as 


* An. 190°, being of course the maximum hardness admissible. 
+ This Journal, ITI, xxxiii, p. 28, 1887. . 
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a property common to solids, whether soft or hard, plastic or 
brittle, these ulterior distinctions softness, hardness, plasticity 
(permanent set), brittleness, etc., separate solids by very broad 
lines. Hence it is improbable that the whole mechanism in 
virtue of which viscous deformations are possible in viscous 
fluids, is fully of the same nature as that by which viscous 
motion takes place in solids at ordinary temperatures. Vis. 
cosity in liquids is the mean result of divers superposed phe- 
nomena, the occurrence of any one of which, in a solid, would 
give rise to son.e special physical property of that solid. From 
this point of view, since viscosity is independent of the other 
physical properties above enumerated, and since viscosity 
(Nachwirkung), is common to solids without exception, I have 
ventured to refer it to such action between contiguous mole- 
cules as involves the least amount of free motion. Viscosity 
in solids, is the result of changes of configuration, resulting 
from localized thermal agitation, and often superinduced by 
the atomic attraction of contiguous configurations, in the man- 
ner explained by the Clausius-Maxwell principle.* 

This premised, further distinctions may be made. Ques- 
tions arise as to whether such action can be indefinitely 
repeated without rupture, as in plastic solids, or in viscous 
fluids; or whether it can not be indefinitely repeated as in 
brittle solids, ete. The indefinite repetition of the phenom- 
enon is equivalent to a passage of molecules over or across 
each other, the phraseology above used in reference to hard- 
ness.t § 18. 

The ideas underlying this paragraph may be summarized 
thus: In passing from the fluid to the solid state of matter, 
the residual or extramolecular affinities acquire an increased 
importance relatively to the intermolecular affinities. At the 
same time the conditions of action have gradually become ex- 
ceedingly unfavorable. In a liquid, under impressed favorable 
conditions chemical reaction between molecules is demonstra- 
ble (electrolysis), In a solid, under impressed favorable condi- 
tions (strain of dilatation) it is also demonstrable, for instance, 


* “Betrachten wir ferner das Verhalten der Gesammtmoleciile unter emander, 
so glaube ich dass es auch hier zuweilen geschieht, dass das positive Theilmole- 
cil eines Gesammtmoleciils zu dem negativen eines anderen in eine ginstigre 
Lage kommt, als jedes dieser beiden Theilmoleciile in Augenblicke gerade zu 
dem anderen Theilmoleciil seines eigenen Gesammtmoleciils hat, ete.” Mech. 
Warmeth.. ii, 2 Aufl, p. 163, 1879. “Again, following Maxwell: “.... Thus 
we may suppose that in a certain number of groups the ordinary agitation of the 
molecules is liable to accumulate so much that every now and theu the configura- 
tion of one of the groups breaks up, and this whether it is in a state of strain or 

“But if a solid also contains . . . . groups of the first kind which break up of 
themselves ....” Maxwell, c. 

+ Cf. this Journal, xxxiv, pp. 1, 18, 1887. 
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in the marked secular annealing of glass-hard steel. It is not 
necessary for the manifestation of viscosity that the integrity 
of the molecule be actually invaded ; but as the action intensi- 
ties one may pass continuously from Maxwell's ($ 8b) into 
Clausius’s (§ 15) hypothesis, without being able to define the 
line of transition, at least from the character of the viscous 
phenomena. Cf. this Journal, xxxiv, p. 1, 1887. 

15. The observations made in the above paragraphs relative 
to the visible viscous subsidence of a mechanical strain imposed 
on a steel rod, apply for the complete explanation of the phe- 
nomenon of temper. With this purpose in view, it is merely 
necessary to conceive of hardening or quenching (sudden cool- 
ing of steel) as an operation by which a strain of dilatation is 
imparted to steel. This strain, once applied, is locked up in 
the metal in virtue of viscosity.* The strained structure of 
hard steel is proved by the fact that massive pieces of hard 
steel often explode spontaneouslyt and by the tendency to 
rupture during quenching exhibited by the metal. The tem- 
per strain may y be studied optically and in other ways, in glass, 
and at low temperatures, even in resin.t 

Reckoned from the observed volume increase§ due to quench- 
ing, the stress-intensity corresponding to the observed strain 
may be estimated at 10" degrees per square cm. in steel, and 
10° degrees per square cm. in glass. It is thus of the order 
of the respective tenacities of steel and of glass. 

In view of the fact that the viscosity of glass-hard steel is 
not above that of glass,| exceptionally great strain intensity 
though impartable, would not be permanently retained. Hence 
the.secular changes of glass-hard steel. Cf. $10, footnote. At 
this point the function of carbon appears. Sudden cooling 
induces carbon and iron to remain in the sealed state in a 
way favorable to the dilatation in question. Throughout the 
process of cooling carbon and iron at any place within the 
metal are united in conformity with the given degree of car- 
buration and with the strain there experienced. ‘In the cold 
metal, at the given place, strain is to a certain extent perma- 
nent and independent of the surrounding medium of steel. 
Hence if by gradual secular annealing of massive glass-hard 
steel, a sufficient number of carbon configurations are broken, 


* Cf. Bull. U.S. G. S., No. 14, p. 88, 1885. 

+ Batchelder : Journ. Franklin Inst. (3), viii, p. 133, 1844. 

t Marangoni: N. Cim., (3), v, p 116, 1879 (Rupert’s drops of resin); De 
eer: Phil. Mag., (4), xlv, p. 464, 1873 (Rupert’s drops of glass); B. and S: 

§ This Journal, xxxi, pp. 441, 443; xxxii, p. 191, 1886; xxxiii, p. 33, 1887: 
Bull. U.S. G. S., No. 27. pp. 30 to 50, 1886. 

| B. and S.: this Journal, III, xxxiii, p. 30, 1887. 

¥ Bull. U S.G.S, No. 35, p. 42, 1886. Structure studied by the density 
method. Shells consecutively removed by galvanic solution. 
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stress may increase to an intensity sufficient to rupture the 
metal explosively. 

In our earlier papers on this subject Dr. Strouhal and I were 
much puzzled to know whether the temper-strain, and in gen- 
eral the phenomena of annealing, were to be interpreted 
physically or chemically ; whet her annealing was a case of 
viscous subsidence of a mechanical temper-strain; or a mere 
vase of decomposition of chemical hardness. In the light of 
the present advanced conceptions, this distinction is supertiuous. 
It makes no difference whether tle configuration breaks up 
into parts chemically different (as carbon and iron (say) in 
steel), or into parts chemically though not structurally identical 
(as in homogeneous metals.) Viscosity is conditioned by the 
degree of instability. Again it is clear that the principles 
which account for the subsidence of the mechanical strain, will 
also account at once for such chemical decomposition as is here 
in question; the difference in the two cases being vested in 
mere details of molecular mechanism. §§$ 138, 14. 

16. However complex the nature of the temper-strain in 
steel may be, the behavior of hard steel, when subjected to the 
influence of temperature, offers sufficient proof of its oceur- 
rence. The laws of annealing hard steel* are as follows: 

(1) The annealing effect of any temperature acting on glass- 
hard steel increases gradually at a rate diminishing through 
infinite time; diminishing very slowly in case of low tem pera- 
tures ( < 100°); diminishing very rapidly at first and then 
again slowly at high temperatures (> 200°); so that the high- 
est and hardest of the states of temper possible at any given 
temperature is approached asymptotically. ‘ 

(2) The ultimate annealing effect of any temperature (time 
=a ), decreases at a retarded rate with temperature, and prac- 
tically reaches the limit of variation below 350°. 

(3) The ultimate annealing effect of any temperature, 7°, is 
independent of the possibly pre-existing effects of the temper- 
gel , and is not influenced by subsequent applications of 

, provided ¢>7#’. In case of partial annealing at ¢° (time 
finite, this law applies more fully as the ultimate effect of 7° 
is more nearly reached. 

Postulating.the strain discussed in $15, these laws follow at 
once from Maxwell’s theory; and the ex xplanation (mut. mut.) 
is identical in character with that given in §$9 to 18, with 
reference to the applied torsion strain. Inasmuch as annealing 
is accompanied by chemical decomposition, the conditions 
under which the temper strain is reduced are those of § 13. 

The third law of annealing asserts that the heat effect 1s 
analytic, but not in the same degree synthetic. The carbon 


* Phil. Mag., V, viii, p. 341, 1879; Bull. U.S. G. S., No. 14, p. 195, 1885. 
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configuration definitely broken up by annealing, does not re- 
combine on cooling. In pure metal, and up to a certain limit- 
ing (small) stress, configurations broken up by stress may re- 
combine when stress is released or reversed. $17. 

If degrees of temperature be replaced by ares of permanent 
set (mut. mut.), then these laws apply at once to motional an- 
nealing as detined in § 8d. 

17. In certain comparisons between the strain effect exhibited 
by glass and by steel,* we were led both by gravimetric and 
by polariscopic observations to this distinction: the strain in 
hard steel is very perceptibly affected by annealing tempera- 
ture as low as 50°, whereas in the case of quenched glass (Ru- 
pert drop), perceptible anaealing is incipient only at 200°. 
The bearing of this result on the present discussion is manifest : 
the difference of behavior is due to the absence in glass of any- 
thing equivalent to the unstable carbon configuration in hard 
steel. The case of glass is nearly that of soft steel, and the 
behavior as regards viscosity in these two instances are similar. 

Schreeder’st important result has relevancy here: in the case 
of hard drawn wire (Ag, Fe, german silver), minimum vis- 
cosity is found associated with maximum susceptibility to tem- 
perature. This is the general deduction from steel, for vary- 
ing intensities both of temper strain and ef drawn strain. § 13. 

18. Following the suggestion of $14, it may be inferred that 
in case of very complex molecular. structure, instability of con- 
figuration will be a more probable occurrence, than in the case 
of simple bodies, cet. par. Complex structured matter may 
be looked upon as a solidified mixture of homologous chemical 
series, with a predominating member to give the substance 
character. Conformably with this view the complex organic 
solidst like silk, ebonite, show more pronounced viscous defor- 
mation than metals or mineral solids. These known facts are 
thus in general accordance with the present theory. Nor is it 
remarkable, that a complex substance like glass, lies some- 
where between hard steel and soft steel, in the seale of vis- 
cosity. 

On the other hand, when the atoms of the molecule are all 
alike, and the structure of the substance is essentially atomic, 
we méet conditions favorable to permanent set. This is prob- 
ably the case with many metals. 

19. Maxwell’s theory lends itself at once to the explanation 
of superposition (perfect or imperfect) of viscous motions, 
inasmuch as the interpretation given is independent of the 
special peculiarity of the strain to be discussed. I will adduce 
a few magnetic results which bear upon this point. 


*B. and S.: this Journal, xxxii, p. 185, 1886; xxxi, p. 451, 1&86. 
+ Schroeder: Wied. Ann., xxviii, p. 369, 1886. 
¢ Cf. Kohlrausch: Pogg. Aun., exxviii, p. 414, 1866, and many others. 
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Considering the permanent effects of temperature on ‘the 
residual magnetic induction of hard saturated steel, Dr. 
Strouhal and I* found it necessary to discriminate between 
two species of magnetic loss: 

(1) The direct effect due simply to thermal action on the 
magnetic configuration ; 

(2) The indirect effect, due to the action of temperature in 
producing mechanical annealing. 

These two kinds of loss of residual induction often occur 
together. Considered separately the latter, cat. par., is very 
decidedly the greater in amount, and its character fully typified 
by the concomitant phenomenon of mechanical annealing. 
The former (1) is not only much smaller in relative magnitude, 
but subsides comprote ly within a much smaller interval of 
time. In general, the occurrence of permanent magnetism in 
hard steel, in its thermal relations is subject to nearly the same 
laws of variation as those adduced in §$ 9 to 13, for ordinary 
mechanical strains. Instability of the carbon contiguration is 
more seriously detrimental to magnetic permanence than is 
instability of thermal configuration. 

If the unstable carburation configuration be removed by 
thorough annealing at 100°, then the cold hard re-saturated 
magnet must show exceptionally good magnetic stability as 
regards the effects of mean atmospheric temperature. If the 
satnrated magnet is again thoroughly annealed at 100°, the 
exceptionally good magnetic stability in question is even 
further enhanced, because the magnetic configurations unstable 
as far as 100°, have now also been removed. Experiment 
shows the second magnetic loss to be relatively small. The 
rods carry the maximum of permanent hardness and the maxi- 
mumof permanent magnetization as far as 100°. This process 
of consecutive annealing is the one we proposed when the 
magnets made are to withstand the effects of atmospheric tem- 
perature, of percussion, and of secular time.t 

20. In the above paragraphs I have referred to thermal, 
carbon, and magnetic contigurations, using the adjectives 
merely to designate the chief cause of the instability under 
special consideration, whereas the configurations themselves 
were not necessarily different. In the same way I contrasted 
thermal and motional instability. Thus a carbon and a thermal 
configuration may be one and the same grouping, considered 
from different points of view ; so may a thermal and a magne- 
tic configuration. The latter phrase is used advisedly, and the 
rod showing residual magnetic induction supposed to consist of 
configurations of all degrees of magnetic stability, as well as 
* §. and B.: Wied. Ann., xx, p. 662, 1883, 

+ Details in Bull. U. S. G. 8., No. 14, chapter VI; or 1. ¢. 
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in all degrees of magnetic intensity. Stability and intensity 
are the qualities which in the present case correspond to 
stability and strain, respectively, in the above configurations. 

Magnetic stability decreases from hard to soft and from soft 
steel to soft iron, following therefore the inverse order of 
viscosity ; and its character too is different from viscosity, the 
tendency being toward sudden magnetic changes, even when 
the cause of such change is superinduced by heat. Cf. § 19. 

The mean magnetic intensity of the configuration must de- 
pend on the dimensions of the saturated rod. In the normal 
ease of linear rods this magnetic intensity increases from hard 
to soft steel* and from steel to iron. Hence from one point 
of view carbon configurations interfere with the occurrence of 
intense magnetic configurations; from the other point of view 
magnetic intensity increases in the direct order of viscosity, or 
stability of molecular configuration. 

Among methods for elucidating the nature of the magnetic 
configuration, a comparison of the effect of a magnetic field on 
torsional rigidity is probably best. Extending the classic re- 
searches of G. Wiedemann,t+ I commenced a series of such 
measurements. In the case of a given field of great intensity, 
if two identical iron wires, respectively magnetic and unmag- 
netic, be counter-twisted to the same maximum shear (obliquity 
of external fibre, o=-003, say), then the product of the detor- 
sion due to longitudinal magnetization and the diameter of the 
wires is constant and equal to the product of the shear and the 
magnetic coefficient of rigidity. This remarkable relation im- 
plies that the increment of the twisting couple evolved by 
magnetization increases as the third power of the radians, cet. 
par. 

21. Summarizing the results of the above paragraphs, I 
believe the statement of § 2 to be fully veritied. I have shown 
that the effect of distributing unstable molecular configurations 
uniformly throughout the substance of a rigid metal, like steel, 
is analogous to that of dissolving molecules of acid or of salt in 
a non-conductor like water. These added molecules are the 
unstable groups with which Clausius’s theory deals. In both 
eases the effect produced is proportional to the number of 
unstable groups distributed. If the number be sufficiently in- 
creased, the medium will ultimately be a viscous fluid in the 
one case, and an electrolytic conductor in the other. At the 
outset, pure water typities the rigid solid. 

*§. and B.: Wied. Ann., xx, p. 621, 1883. 

+ Wiedemann: Electricitat, 1IT, p. 683 to 698, 3d ed., 1883; Barus: this Jour- 

nal (IIT), xxxiv, p. 180, 1887. I believe my researches are the first attempt to 


interpret these relations quantitatively, and they lead to the law expressed in the 
text. Other results I will communicate later. 
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The applied stress imparts a permanent strain to the solid. 
Viscous deformation is therefore accompanied by a residual 
phenomenon, which manifests itself when the applied stress is 
reversed or removed.* In liquids acted on by an electromotive 
force, the analogous reaction is the reciprocating force of gal- 
vanic polarization. 

Again, Clausius and Maxwell’s theories mutually sustain each 
other. For if the conception, that in a solid molecular contig- 
urations are present in all degrees of stability, is necessary to 
explain the behavior of strained solid matter, it follows that 
configurations of more pronounced instability will be present 
in electrolytic systems. Conversely the fact that many solids 
can be electrolyzed, points to the occurrence, in these, of a 
very advanced state of molecular instability. To take the con- 
crete example of glass, the same molecular mechanism which 
at 300° promotes electrolytic conduction, when the solid is 
influenced by electromotive force, manifests itself at low tem- 
peratures as the viscosity of the solid under stress. 


Laboratory U. 8S. Geological Survey, Washington, D. C. 


Art. XX.—On the Origin of Primary Vuartz in Basalt i7 
by JoserH P. Ipprn@s, of the U. S. Geological Survey. 


A VERY interesting suite of volcanic rocks has recently been 
collected in the Tewan Mountains, New Mexico, by Major J. 
W. Powell and Mr. William H Holmes. 

The collection, though not a large one, embraces several 
varieties of rhyolite and obsidian, with numerous forms of 
andesite and basalt. The whole group constitutes a graduated. 
series of varieties, which range from rhyolite through andesite 
to basalt, with two slight interruptions, at dacite and olivine- 
bearing hypersthene-andesite. The general characters of the 
minerals and of the rocks themselves correspond to those of 
the voleanie rocks occurring throughout the Great Basint of 
Utah and Nevada, and of those forming the voleanoes of the 
Pacific coast,§ and of the Republic of Salvador, C. A. 

Without entering upon the study of all of these rocks, a 
description of which will be found in a forthcoming bulletin 
of the U. S. Geological Survey, it is the intention of the 
present paper to describe certain specimens of basalt which 

* Kohlrausch: Pogg. Ann., exxviii, p. 419, 1866. 

+ Read before the Philosophical Society of Washington, April 29, 1888, and 
published by permission of the Director of the U. S. Geological Survey. 

¢ Hague and Iddings, this Journal, vol. xxvii, June, 1884. 

§ Ibid., vol. xxvi, Sept., 1883. | Ibid., vol. xxxii, July, 1886. 
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exhibit a remarkable number of porphyritic grains of quartz 
and to offer some explanation of its occurrence. 

The basalts in question occur in the vicinity of Rio Grande 
Cafion. Those which form the second and fourth ledges from 
the top of the wall of the cafion are very much alike; they are 
light gray, fine grained, dense rocks with small porphyritie 
crystals. In thin section they are found to be holoerystalline, 
with much lath-shaped plagioclase and less augite in grains and 
stout crystals, besides magnetite and much colorless olivine in 
erystals and grains. There are a few porphyritic crystals of 
olivine and augite, and very abundant microscopic needles of 
apatite. 

Seven other specimens of basalt were collected from a large 
flow, covering the country for four miles; two of them are 
light gray and dense ; three are greenish black and dense ; and 
two are dark red and vesicular. All are very fine grained. 

The light gray basalts are somewhat like those forming the 
two ledges on the caiion wall, but carry more porphyritic oli- 
vines, besides abundant, small grains of crackled quartz. 

These quartz grains are surrounded by light green shells, 
which are composed of microscopic augites. In some eases the 
shells cover the quartz grains on the ‘surface of the rock; in 
others, especially on weathered surfaces, the quartz has dropped 
out, leaving the augite shell adhering to the rock. The quartz 
grains are * distributed through the rock quite as uniformly, 
though not so abundantly as are the crystals of olivine. 

In thin section these two specimens of basalt are alike and 
resemble those from the cafion wall, except that they are 
slightly coarser grained. They are holocrystalline, and are 
composed of lath- ‘shaped and tabular plagioclase, light violet- 
brown augite in crystals and grains, with magnetite and much 
olivine in grains and porphyritic crystals. None of the quartz 
grains appear in the thin sections of these two specimens, but 
the augite rings and clusters indicate where they were located 
before the grinding of the sections. 

The three specimens of greenish black basalt also exhibit 
macroscopic olivine and : abundant quartz grains. The quartz is 
more compact and freer from cracks than in the previous speci- 
mens. 

In thin sections, this form of the basalt has the same micro- 
structure as those just described, but is finer grained and con- 
tains more augite. The olivine is partly altered to dark green 
serpentine. In one of these thin sections there are seven 
grains of quartz or indications of their former presence, in 
another section two, and in the third there are ten. 


Am. Jour. Sct.—THIRD SERIES, VoL. XXXVI, No. 213.—SeEpt., 1888. 
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The red, ves:cular variety also bears many porphyritie grains 
of quartz. On the surface of one side of a small specimen 
75™ long by 6™ wide, there are 75 grains, and they are not 
especially abundant in this particular specimen. ; 

In thin section these red varieties resemble the general 
microstructure of the gray, compact ones, but they do not 
appear to be holocrystalline ; there is probably a little glass 
present. The rocks are filled with red oxide of iron, which 
also colors the margins of the porphyritic olivines. They con- 
tain a little more augite than do the gray varieties. Most of 
the quartz grains have dropped out in grinding, but fragments 
remain, and the augite rings indicate where they were once 
located. 

As to the nature of the quartz which forms these porphy- 
ritic grains, it is evidently not an alteration product of other 
minerals nor an infiltration product, for the rocks are quite 
fresh and exhibit a very slight alteration on the surface of the 
olivines. On the contrary, the quartz grains undoubtedly 
existed in the rock-mass in their present form previous to the 
final consolidation of the magma. For each grain is closely 
surrounded by a shell of augite crystals, intimately connected 
with the enclosing rock-mass. 

This augite shell forms a narrow border or ring in thin sec- 
tion, and is composed wholly of crystals of augite radiating 
from points along the side of the rock-mass toward the quartz. 
The angite crystals crowd against the surface of the quartz 
grains, but there is no line of demarcation between them and 
the rock-mass; the outside augites lie among the feldspar and 
magnetite individuals and take part in the general structure of 
the rock. In the coarser grained varieties the feldspars some- 
times enclose a number of the augites situated on the outside 
of the shell, thus demonstrating that the augite shell existed 
prior to the final consolidation of the rock. _ 

The substance of the quartz composing these grains is per- 
fectly pure, and free from inclusions of gas, fluid or glass; in 
one instance there was a minute crystal of zircon. Each grain 
is a single individua!, with uniform optical orientation through- 
out its substance. Occasionally two individuals are in juxta- 
position. But they are never made up of aggregates of small 

rains, the form which secondary quartz usually assumes. 
he grains are rounded or subangular. 

The substance and shape of the quartzes are like those of 
the porphyritic quartz grains in other voleanic rocks when 
they are free from inclusions, as often happens in rhyolites. 
They are not like the quartzes of granites and gneisses or of 
sandstones, which are more or less filled with inclusions of gas 
and fluid, and frequently with individualized inclusions. 
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It is evident, therefore, that the quartz grains in these basalts 
are primary. constituents of the rock ; that they are more like 
the porphyritic quartz secretions of other voleanie rocks in 
their microscopical habit than like fragments of quartz from 
granitic or gneissie rocks or sandstones. 

Moreover their mode of occurrence in these particular 
basalts militates against the theory that they may be fragments 
of foreign rocks which have been caught up by the basalts dur- 
ing their eruption. For they are uniformly and intimately 
distributed through each of the seven hand-specimens which 
were collected from different parts of a large basalt flow, and 
represent portions of it which differ in ery ystallization and gen- 
eral habit. Furthermore, the grains are isolated individuals 
and not clusters and never exhibit indications of having been 
crystallized together with other minerals. They have every 
appearance of being primary secretions or crystallizations from 
the rock magma. 


Similar oceurrences in other localities. 


Mr. J. 8. Diller (this Journal, Jan., 1887) has described the 
oceurrence and distribution of very abundant quartz grains 
throughout the recent basalt flow near the. Cinder Cone, ten 


miles northeast of Lassen’s Peak, California. And his argu- 
ment for the primary and essential nature of the quartz in this 
particular basalt appears to me to be conclusive. 

Two new occurrences of quartz-bearing basalt may be de- 
scribed in this connection, as they go to show that such ba- 
salts are scattered over a large area “of country, having been 
found in California, Nevada, Arizona, New Mexico and Col- 
orado. 

That from Arizona is a fine example of quartz-bearing ba- 
salt; it is a red compact rock from the caiion near granite 
tanks in the vicinity of Santa Maria Basin, and was collected 
by Mr. Clarence King. In the hand specimen the only por- 
phyritic secretions are rounded grains of glassy quartz from 
one to eight millimeters in diameter, together with somewhat 
smaller olivines. The quartz grains are so numerous that one 
small specimen about 6 em. square shows as many as 30 
grains on all its surfaces. 

In thin sections the basalt is glassy, with abundant lath- 
shaped plagioclase and much red oxide of iron scattered 
through it, which obscures the other constituents. The ground- 
mass bears small porphyritic crystals of light green augite and 
olivine. In the dense specimens, the olivine is partly fresh 
and colorless, partly colored orange and red. In the porous 
specimens, the olivine has been entirely removed, leaving its 
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characteristic outlines marked by iron oxide. The augite is 
more or less reddened. 

The quartz is the same in both varieties. It forms rounded 
and subangular grains, of very pure substance, almost free 
from inclusions. The few inclusions observed consist of color- 
less glass, in one instance gas, besides a small zircon and an 
apatite. 

In only a few instances do the quartz grains possess a con- 
tinuous shell of augite crystals. Most of the grains are 
bounded directly by the groundmass of the rock, or have a 
fragmentary augite shell which is sometimes separated from the 
quartz § grain by red glass, sometimes by a strip of groundmass 
whose flow structure indicates that it has forced its way be- 
tween the augite shell and the quartz grain. 

Fragments of augite shells are observed at some distance 
from the quartz, or even entirely isolated in the rock 
mass, from which it appears that the quartz grains were at 
one time surrounded by a shell of augite, as in most other oc- 
eurrences of quartz-bearing basalt, but that in this instance 
the subsequent movement of the magma broke the shells and 
dislocated them. 

The second occurrence to be described is that of a dark 
colored, fine-grained basalt from Elk Head Creek, at the south- 
east base of Anita Peak, 15 miles northeast of Hayden, Col- 
orado, in which porphyritic quartz grains are very abundant. 
Dr. Whitman Cross kindly furnished me with the thin see- 
tions of this rock for study and description. They present 
two modifications of the basalt, and show that the rock is 
partly altered, the olivines having been converted into ser- 
pentine, which is disseminated through the rock. The rock 
resembles the basalt from the Rio Grande eajion, N. M., 
mineral composition and structure, but the quartz grains, 
which are very abundant, have a somewhat different micro- 
scopical character. They are surrounded by an augite shell 
in every case. But the shell is quite thin and its connection 
with the quartz substance is more intimate.- In places the 
augites penetrate the quartz substance. In some instances the 
quartz exhibits sharp-edged crystal boundaries. The quartz 
grain is sometimes made up of two or three individuals erys- 
tallized together. The inclusions are numerous and consist 
of gas cavities and less abundant glass inclusions, besides zir- 
con and apatite. The microscopical character of the quartz. re- 
sembles that of certain porphyries. 

Its primary nature is shown by the presence of glass inclu- 
sions and the encircling shells of augite, and by its uniform 
distribution through the rock. The existence of crystal bound- 
aries shows that there was little if any resorption of the quartz 


| 

| 

| | 

| 

4 

| | 

| 


J. P. Iddings—Origin of Quartz in Basalt. 213 


by the surrounding magma. The enclosure of augite crystals 
near the margin of grains containing glass inclusions indicates 
that the erystallization or secretion of the quartz took place 
in a molten magma in the presence of augite crystais similar 
to those forming the enclosing shells. 

Quartz grains occur in the same manner, but to a much less 
extent, in some of the basalts near Eureka, Nevada. They are 
very abundant in certain basaltic rocks from the neighborhood 
of Crescent and Whitehead Peaks and Camel Mt., Colorado. 


Possible origin of the porphyritie quartz. 


Exceptional occurrence.—The occurrence of primary quartz 
in more or less rounded grains in basaltic rocks is exceptional, 
and contrary to the laws which appear to govern the develop- 
ment of the mineral constituents of voleanic rocks. The min- 
erals developed being the result of the chemical affinities in- 
herent in a complex solution of silica, alumina, with certain 
alkaline earths and alkalies (mainly iron, lime, magnesia, soda 
and potash), between the various demands of which there 
must be a mutual accommodation, it is evident that the re- 
sulting minerals must be those which under the conditions 
attending their crystallization satisfy all the chemical demands 
imposed by those conditions. 

Limited variation of conditions.—That a change in the con- 
ditions under which crystallization takes place in a mixed solu- 
tion affects the nature of the crystallization is well known, 
and has been demonstrated experimentally. From the gener- 
ally uniform nature of the crystallization of most voleanie 
rocks, the correspondingly uniform conditions attending their 
crystallization are indicated. Where variations in the pro- 
ducts of crystallization occur, the conditions effecting them 
may often be recognized. Hence, variations from the general 
order and nature of erystallization within certain limits have 
become generally accepted facts, so that no one expects the 
mineral composition of rocks to be in rigid accord with their 
chemical composition within these limits. 

An exception emphasizing greater variations.—W hile in 
the great majority of cases the mineral composition of vol- 

vanie rocks indicates a generally uniform range of conditions 
which must have attended their consolidation, yet there are 
exceptions to the ordinary grouping of minerals in these 
rocks that emphasize the influence of certain attendant condi- 
tions, which must be regarded as physical. An instance of 
this is the mineral association in the lithophyse of the rhyo- 
litic obsidian from Obsidian Cliff, Yellowstone National Park, 
and from Cerro de las Navajas, Mexico. These holoerystalline 
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portions of the acid lava are composed of alkali-feldspar, 
quartz, tridymite and fayalite, an iron olivine. The latter 
mineral is in very small amount compared with the free silica, 
quartz and tridymite. 

Influence of absorbed water —In a paper on this occurrence 
(this Journal, xxxiii, Jan., 1887) I have discussed the matter 
at length, and after calling attention to the experiments of M. 
Daubrée on the action of superheated steam on acid glass, and 
to the experiments of others who have undertaken to produce 
these minerals artificially, I arrived at the conclusion, that this 
anomalous association of primary igneous minerals was most 
probably brought about by aqueo-igneous action, induced by the 
influence of water vapor absorbed in the molten glass. The 
strong mineralizing influence of the water vapor under such 
conditions becoming apparent both in the structure and com- 
position of the lithophysee and of the alternating crystalline 
and glassy layers in the laminated lithoidal portion “of the same 
flow of lava. For in the latter case the thin horizontal lami- 
ne of the magma in any particular portion of the mass must 
have been subjected to like rates of cooling and similar pres- 
sure, yet these laminz solidified alternately holocrystalline and 
glassy. 

Comparison of exceptional occurrences.—The occurrence of 
iron olivine in a rhyolite with 75 per cent of silica and less 
than 2 per cent of iron oxide is as remarkable and as excep- 
tional as that of quartz in the form of porphyritic secretions 
in basalt. They are both of the same kind, in that they are 
the occurrences of extremely acid and basic silicate minerals 
together in rocks, where we are generally accustomed to see 
silicate minerals of intermediate or of more closely related 
composition. 

In the first instance, however, most of the conditions under 
which the minerals erystaliized can be surmised, but in the 
second case there is much more uncertainty. For the quartz 
was evidently crystallized in some early period i in the history 
of the rock, when the conditions then existing made its separa- 
tion from the magma necessary. . 

Indications of altered physical conditions—From the 
rounded form of the quartz grains it is probable that the 
quartzes were being resorbed by the basic magma when the 
final solidification of the rock took place. 

A similar resorption of porphyritic minerals, which have 
crystallized in an earlier period of a rock’s existence is of com- 
mon occurrence in nearly all voleanie rocks, as for example, 
partly resorbed hornblendes and feldspars, and the rounded 
quartzes of rhyolites and porphyries. And the idea that these 
phenomena indicate changes in the physical conditions and not 
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in the chemical composition of the magma is a generally 
accepted one. What some of these changes of condition prob- 
ably were may be indicated by the following considerations. 

Consideration of possible changes of physical condition.— 
If we conceive of a molten, viscous magma situated at a great 
depth beneath the earth’s surface, the two factors which at 
first appear to have the greatest influence on its existence as a 
plastic or molten magma are temperature and pressure. 

Influence of temperature.—Other things remaining the 
same, the magma will be more plastic the higher the tempera- 
ture, and with a decrease of temperature below a certain point 
consolidation will take place. 

Consolidation under these circumstances would undoubtedly 
produce erystallization, as a rapid chilling at great depths 
within the earth is scarcely conceivable. However the nature 
of the crystallization would vary within certain limits with the 
rate of cooling. 

Influence of pressure.—tt, now, the temperature remains 
the same and the pressure varies, assuming that an increase of 
pressure diminishes the mobility of the molecules of the 
magma by condensing them, which from a theoretical stand- 
point appears the most rational supposition, and which has re- 
ceived support from the recent experiments of Dr. Wm. 
Hallock ;*. and it having been demonstrated that the silicate 
mineralst and glassest belong to that class of substances which 
contract upon ‘solidification, we should expect that an increase 
of pressure alone would tend to consolidate the mass. This 
is the conclusion reached by Reyer in his work entitled, “ Bei- 
trag zur Fysik der Eruptionen und der Eruptiv-Gesteine.” 
Vienna, 1877, p. 119. 

Inereased viscosity.—Dr. Hallock’s observations show that 
cubical, statical pressure, unaccompanied by heat, simply in- 
creases rigidity or viscosity. But that in cases where pressure 
is allowed to produce motion by the crushing or yielding of 
the molecules of a substance, the internal friction may gene- 
rate heat enough to fuse the substance, that is, to reduce its 
rigidity or viscosity. 

The solidification of a glassy, amorphous mass by increasing 
its viscosity might convert it into a solid glass or into a erys- 

talline mass, according to whether the viscosity was suddenly 
increased or slowly increased. The changes being analogous 

.to the rapid increase of viscosity by chilling, or the slower 
increase by gradual cooling, the latter allowing the molecules 
to arrange themselves in Obedience to certain chemical affini- 

* This Journal, October, 1887. 


+ Roth, Allg. u. Chem. Geol., Bd. IT, p. 52. 
¢ Lagorio, T. M. P. M., vol. viii, 1887, 510. 
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ties into crystallized minerals, the former preventing such an 
arrangement. 

Moreover if, as Professor A. Lagorio has done in a recent 
paper (T. M. P. M., vol. viii, 1887, 421) we consider rock mag- 
mas as saturated solutions of silicate salts, and apply to them 
the law which Sorby deduced for aqueous solutions of salts, 
namely, that the solubility of those salts, which like the sili- 
cates expand upon solution and condense upon crystallization, 
is decreased by increasing pressure; or, in other words, that 
increasing pressure tends to crystallize such salts from solu- 
tion; then an increase of pressure alone would induce the 
crystallization of certain silicate minerals from a molten magma, 
or might lead to the crystallization of the whole magma. 

Unstable consolidation.—According to these views of the 
effect of pressure on the viscosity of magmas and on their 
erystallization, we should expect that an increase of pressure 
would lead to the consolidation of magmas at temperatures 
above their melting point for lower pressures. And we might 
therefore have a highly heated magma within the earth under 
such pressure that it exists as a solid mass; which may be 
either crystallized or amorphous, or partly erystallized and 
partly amorphous. Such a condition would be one of unstable 
consolidation. 

Influence of water vapor —Another agent or force undoubt- 
edly plays an important part in the liquefaction as well as in 
the crystallization of heated magmas. The influence of water 
vapor on the viscosity of lavas has been suggested long ago by 
Scrope and others, and of its part as the explosive agent in 
voleanic eruptions there can be little doubt. Its presence in 
larger or smaller amounts in almost every volcanic rock has 
often been demonstrated. 

Eutectic substances.—The bearing of Dr. Guthrie’s experi- 
ments with cryohydrates or eutectic substances upon this 
problem has been brought out by Professor J. W. Judd ina 
recent paper. (Geol. Mag., Jan., 1888.) The characteristic 
feature of these mixed compounds is that their melting point 
is eonsiderably below that of the component substances ; they, 
therefore, behave like alloys. Most of the substances experi- 
mented with were hydrates, of which niter is chosen as an 
example. Under ordinary conditions this substance melts at 
320° C., upon the addition of 29°07 per cent of water it melts 
at 97°6° C. Hence a mass of niter within the earth would be 
solid at 300° C., but at the same temperatures upon the acces- 
sion of 15 or 20 per cent of water it would be molten, or in a 
condition to become molten if the pressure did not prevent it. 
Professor Judd calls attention to the power of the water of 
hydration to lower the melting point of zeolites and siliceous 
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glasses, such as tachylites, hydrotachylites, palagonites, ete. 
Professor Lagorio states that the feldspars of the lime-soda 
feldspar series behave like eutectic substances. 

Increased liquidity of magmas.—The increased fusibility of 
hydrated glass has been demonstrated by M. Daubrée (Etudes 
Synthétiques de Géologie Expérimentale. Paris, 1879, p. 161), 
and may be easily recognized in the case of obsidian carrying 
05 per cent. of water, like that from Obsidian Cliff. When 
this is fused before an oxyhydrogen blowpipe it melts at some- 
thing less than white heat to an inflated glass, which, at first, 
is quite fluid and flows away rapidly from the strong current 
of the blowpipe flame. After driving off all the water from 
this glass and allowing it to cool, a colorless glass is obtained 
which only melts before the same blowpipe flame at an intense 
white heat, and then forms a very viscous glass which moves 
sluggishly before the same blowpipe current. 

Retarded viscosity and greater crystallization.—lf we con- 
sider the influence of water-vapor in increasing the liquidity 
of molten magmas as simply a physical one, it must tend to 
increase the mobility of the molecules among themselves. One 
effect of absorbed water, then, would be to retard the increas- 
ing viscosity of a rapidly cooling magma, which might permit 
the crystallization of the more hydrated portions, while the 
less hydrated parts became too viscous and solidified as glass. 
A condition of affairs which undoubtedly existed in the ob- 
sidian magma at Obsidian Cliff, where holocrystalline areas 
occur irregularly scattered through glassy ones. 

Different kind of crystallization.—It is to be remarked that 
the erystallization which was in this instance specially induced 
by the influence of superheated steam, differs from that which 
usually takes place in acid lavas upon cooling, and that the 
result was the production of extremely basic and acidic min- 
erals by the side of one another, or the production of extremes. 
A result, which is in a measure, analogous to the dissociation 
of the base and acid of a chemical compound by heating. The 
absorbed water-vapor apparently weakened the affinity between 
the bases and the silica and permitted them to separate into 
more basic silicates and quartz or tridymite. 

Potential mobility.—Exactly what influence absorbed water- 
vapor has upon deeply seated molten magimas we do not know, 
but it seems reasonable to assume that its physical influence is 
of the same kind as that upon molten magmas on the surface 
of the earth, for in the two cases the most noticeable difference 
is that of the pressure under which each exists. Hence we 
may assume that its most potent influence lies in the increased 
mobility, which it tends to impart to the molecules of the 
mass. But in a confined magma this must be combined with 
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an increase of pressure against and from the retaining walls, 
which pressure we have assumed tends to decrease the mobility 
of the molecules. “And of course the actual mobility or 
liquidity of the magma will depend on the relation between 
these two tendencies, which, if balanced, will result in the 
storing up of potential mobility, which would show itself should 
the pressure be relieved. 

Heated, hydrated magma under pressure ; unstable rigidity. 
—We may then imagine a heated, hydrated magma within the 
earth under such a pressure that it has become solid, the 
rigidity being an unstable one; and we may further assume 
that this solidification is either to an amorphous, glassy mass, 
or to a more or less erystallized one, that is, to one which is 
wholly crystallized to an aggregation of minerals, or to one 
which is made up of crystallized minerals and rigid amorphous 
material; a glassy, porphyritic mass. Under these conditions 
the solid magma will possess a potential mobility or liquidity, 
which will exert itself to melt the solid mass, if the pressure is 
relieved or lessened, as may happen when the fracturing of the 

earth’s crust ruptures the retaining walls and permits the escape 
of this pent-up body, stored with gigantic expansive energy. 

Refusion.—The ‘melting up of an unstable, solidified mass 
by the heat inherent in it would undoubtedly proceed differ- 
ently in the different minerals or the glass composing it, some 
fusing more rapidly than others. The difference would be the 
greatest between anhydrous refractory minerals, like quartz, 
and hydrated glass, through which they might be scattered 
porphyritically. If the refusion is complete, nothing will 
remain to indicate a former state of solidification. If the 
process of fusion is checked by the cooling of the magma in 
consequence of its eruption through cooler rock masses, there 
might remain in the cooling magma remnants of the minerals 
previously existing in it. 

Final consolidation.—Moreover it is evident that the nature 
of the minerals of final consolidation will be affected by the 
nature and amount of the minerals formed at the time of 
unstable consolidation which remain unmelted. If these are 
highly acid the minerals of final consolidation will be propor- 
tionately basic, and vice versa. 

Application to quartz-bearing basalt.—Applying the fore- 
going general considerations to the occurrence of porphyritic 
quartz grains in basalts, it seems reasonable to suggest that the 
production of extremely acid and basic silicate minerals in 
deep-seated magmas may have been brought about, like their 
production in certain magmas after they have reached the sur- 
face, by the influence of absorbed water acting under favorable 
conditions of pressure and temperature, which combined to 
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solidify the magma more or less completely for the time being, 
but which, as the quartz grains themselves show, was an un- 
stable solidification, which subsequently yielded to the poten- 
tial liquidity of the magma, resulting in the partial resorption 
of the quartz erystals before the final consolidation of the rock 
to its present form. 

Reyer, (1. ¢. p. 166), suggests that pressure and different 
degrees of saturation with absorbed water may lead to meta- 
meric processes. And also states that the development of 
quartz in rock magmas requires a considerable saturation of 
the magma with water. 

Prof. Lagorio (1. ¢.) refers the concurrence of quartz and oli« 
vine in the same rock to the supersaturation of the magma 
with silica and magnesia, but this idea of itself is not sufficient 
to account for the occurrence of quartz in magmas with the 
normal basaltic composition, where it generally does not occur, 
as it is not sufficient to explain the occurrence of fayalite in 
rhyolitic obsidian, having 75 per cent of silica and less than 
2 per cent of iron oxide. 

Confirmatory observations.—lf the foregoing explanation 
which refers the production of the quartz in these basalts to 
physical conditions apart from-chemical ones is correct, we 
should expect to find such anomalous associations of minerals 
in other varieties of voleanic rocks, and should not expect to 
find a necessary correspondence in the chemical composition of 
all basalts which carry porphyritic quartzes. Nor should we 
expect to find the quartz-bearing varieties, which are excep- 
tional, necessarily holding a detinite relation in point of age to 
the other voleanic rocks with which they are associated. These 
expectations, I think, are realized by the following observa- 
tions. 

Porphyritie quartz in other volcanic rocks.—The tirst point 
is beautifully illustrated in the suite of rocks in the collection 
from New Mexico, for it.shows that similar quartz grains occur 
in almost all of the varieties of voleanic rocks from this region, 
and that their occurrence is not uniform throughout the series. 

Thus in most of the rhyolites rounded grains of quartz 
are very abundant, but in some specimens they are absent 
(obsidian and lithoidite). In the single specimen of mica-ande- 
site they are wanting. In the hornblende-mica-andesites, some 
specimens show a considerable number of quartzes; one, a 
few, and others, none. In the hornblende-pyroxene-andesites, 
one specimen shows many quartz grains; others, considerable ; 
and some, none. Of the five specimens of pyroxene-andesite, 
one shows a few grains of quartz; the rest, none. And of the 
twelve specimens of basalt, seven show much quartz; the 
others, none. 
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Another group of voleanic rocks, specially characterized by 
abundant rounded grains of quartz, occurs in the vicinity of 
Crescent Peak, Colorado. The group embraces basalt, ande- 
site and possibly trachyte. These all bear rounded grains of 
quartz, and some of the olivine bearing varieties also carry 
hornblende paramorphs, which furnish additional evidence of 
a change of physical condition from one which induced the 
erystallization of certain minerals, to a later one, in which they 
were partially resorbed 

Chemical similarity of basalts with and without quartz.— 
That the chemical composition of quartz-bearing basalts is not 
characteristic of a particular modification of rock magma will 
be seen from the accompanying analyses : 


ITT. IV. V. VI. 
ace. 8337 52°37 51°57 52°38 57°25 56°28 
| 1°49 1°60 1°43 1°22 0°60 0°84 
Al,O3 17°68 17°01 17°72 18°79 16°45 14°23 
--- 2°51 1°44 6°24 2°88 1°67 4°69 
Fee 500 5°89 1‘78 4:90 4°72 4°05 
MnO ___- 0°23 0°32 0°45 0°18 0°10 0°16 
8°39 759 8°82 7°70 7°65 7°94 
MgO.... 6°05 6°86 4°91 4°91 6°74 6°37 
BaO .. 0°06 0°06 0°16 011 0:00 
SrO tr. 
1°58 1°59 1:99 1-76 1°57 1°23 
NazO 4°19 3°51 3°59 3°99 3:00 2°98 
H.O .... 0°82 1:29 0°64 0°53 0°40 0°93 
ti 0°37 0°58 
P.O 0°56 0°20 0°40 
tr 
100°27 99°90 99°88 99°91 100°35 100°28 


[. Quartz-bearing basalt, Rio Grande Cafion, N. M. (L. G. Eakins.) 


ITT. 

IV. Basalt without quartz, 

V. Quartz-bearing basalt, Cinder Cone, Lassen’s Peak, Cal. (W. F. Hille- 
brand.) 


VI. Quartzose diorite. Electric Pk., Yellowstone Park. (J. E. Whitfield.) 


The first three are of three forms of quartz-bearing basalt 
from Rio Grande Cafion ; the first is a light gray dense basalt ; 
the second, a greenish black, dense basalt; and the third, a 
dark red vesicular basalt. They have practically the same 
composition with slight variations. The higher oxidation of 
the iron in the red rock is indicated by the high percentage of 
ferric oxide in analysis III. 

The fourth analysis is of a gray, dense basalt from Rio 
Grande Caiion, which resembles the basalt from which the first 
analysis was made, except that it exhibits no quartz, either in 
macroscopic or microscopic grains. These four are normal 
basalt analyses resembling one another as closely as analyses of 
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similar rocks usually do. There are no greater differences be- 
tween the analysis of the variety without quartz and those of 
the quartz-bearing varieties than there are between the analy- 
ses of the three quartz-bearing varieties. So that the oceur- 
rence of the quartz in this instance cannot be ascribed to any- 
thing exceptional in the chemical composition of the magma. 

Chemical differences between basalts with quartz.—The tifth 
analysis is that published by Mr. Diller in the paper already 
cited. It shows a different chemical composition for this form 
of quartz-bearing basalt, which is more acid than typical basalt, 
and corresponds more closely to some andesitic forms of vol- 
vanie rocks. 

It is probable that additional analyses of other quartz-bearing 
basalts will show as great a variation in their chemical compo- 
sition as exists between that of basalts free from quartz grains. 

Different mineral development of chemically similar mag- 
mas.—The sixth analysis is presented for comparison with 
analysis V. It is that of a magma of very nearly the same 
chemical composition, slightly more basic, which has consoli- 
dated under different conditions. It may serve to illustrate 
two points: first, the mineralogical extremes to which chemi- 
cally similar magmas may be developed. Second, the possi- 
bility of a basaltic magma having existed at some previous 
period in a condition of unstable consolidation, in which quartz 
might have been crystallized out. Analysis VI is of a coarse 
grained, quartzose diorite, perfectly fresh and unaltered, of 
quite recent geological age, and which is composed of plagio- 
clase feldspar, quartz, hornblende, biotite and pyroxene, with 
accessory magnetite, apatite and zircon. The quartz is in con- 
siderable quantity, very much more than the amount of quartz 
observed in quartz-bearing basalts. The discussion of this 
diorite is reserved for another paper, which is in process of 
preparation. 


Summary. 

The principal points brought out in this paper may be briefly 
stated as follows: 

The quartz-bearing basalt from Rio Grande Cafion belongs 
to a series of voleanic rocks, characterized by a variable amount 
of porphyritic quartz in rounded grains. 

These quartzes are primary crystallizations from the molten 
magma, and exhibit no definite relation to its chemical compo- 
sition. 

Their production is to be referred to certain physical condi- 
tions attending some earlier period of the magma’s existence. 

From analogy with the occurrence of ‘iron olivine in rhyo- 
litie obsidian, it seems probable that the formation of primary 
quartz in basalt took place under the influence of water-vapor 
. at a great pressure. 
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ART. XXI1.—Mineralogical Notes ; by Gro. F. Kunz. 


1. Phenacite Srom Maine. 


IN May, 1888, some crystals of phenacite were found near 
Stoneham, Me., in a vein of coarse albitie granite,* associated 
with crystals of smoky quartz, topaz and muscovite. Some of 
the crystals were implanted on smoky quartz. A few of them 
were attached to the matrix by one of the rhombohedral faces 
so loosely that they could be removed without being broken. 
They were about thirty in number, lenticular in shape and 
measured from 3 to 12™™ across, and from 1 to 38™ in thick- 
ness. They were all white or colorless, and had polished faces ; 
the form being for the most part very simple. Figure 1 of 
the series from Pike’s Peak, Colorado, described by Penfield,t+ 
is an exact counterpart of the more highly modified form. 

Of the topaz there were found about a dozen crystals which 
had unfortunately been broken from the gangue. They were 
colorless, light-green or cherry colored on the outer sides and 
colorless in the center. The largest crystal measured 14 inches 
in height and thickness. Almost all the crystals contained 
irregular hollow spaces from 1 to 10™™ across. In habit the 
crystals closely resemble those from Cheyenne Mountain, Colo- 
rado. 

It is through the courtesy of Messrs. E. D. Andrews, T. F. 
Lamb and N. H. Perry, that I have obtained the crystals and 
the facts in regard to their occurrence. 


2. Quartz Pseudomorphs after Spodumene. 


In 1887, at the spodumene locality at Peru, Maine, which 
has furnished tons of that mineral for commercial purposes, 
there were found some crystals in which the original spodumene 
had been almost entirely replaced by white quartz, with the 
exception of a white core of crystallized albite. These crystals 
are remarkable for the sharpness of the striated prismatic faces ; 
the terminations are not so distinct. The surface of the erys- 
tals is covered with a coating of damourite. The alterations 
of quartz after spodumene are fully described by Julien,t from 
the granite veins of Hampshire County. 


3. A remarkable variety of transparent Oligoclase, 


In December, 1887, some specimens of feldspar were sent 
to me for examination by Mr. Daniel A. Bowman, who ob- 


* This Journal, III, xxvii, 212. + This Journal, III, xxxiii, 131. 
¢ Annals New York Acad. Sciences, vol. i, No. 10. 
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tained them from the Hawk Mica Mine, four miles east of 
Bakersville, North Carolina. They were found at a depth of 
380 feet, and proved to be a variety of oligoclase, remarkable 
for its transparency. The ' 

clearest piece measured 
3X2x1 inches. In color, 
it is a faint window-glass 
green, and contains a series 
of cavities (see figure, natu- 
ral size), surrounded and / Wy 
fringed by tufts of white 94 
needle-shaped microlites; 
these measure from 0°5 to 
1°5™™ in diameter and are 
quite round, resembling 
those occasionally present in the Ceylonese moon-stone. 

The wonderful transparency of the oligoclase and the white 
inclusions gives the whole mass a striking resemblance to the 
lumps of glass, so commonly obtained from the bottom of a 
glass pot. It was mistaken for this until the highly perfect 
cleavage was noticed; this is remarkable for the entire absence 
of the strive so characteristic of the plagioclase feldspars. 

Recently some material of a slightly different character has 
been obtained at the mine. Cleavage masses of white striated 
oligoclase three inches jong were found, containing nodules 
about 10 to 15™™ square; these are as colorless and pellucid as 
the finest phenacite and are entirely free from the inclusions 
found in the greenish variety. This transparent variety like 
the other shows no striz. 

The following analysis was very kindly furnished me by 
Professor F. W. Clarke. It was made from the faint green 
variety and shows it to be a typical oligoclase. The specific 
gravity I determined to be 2°651: ° 


ps Se 


trace 

99°66 


4. Apatite from near Yonkers, N. Y. 


I recently received from Miss F. R. M. Hitchcock, a frag- 
ment of an apatite crystal, which was found in the spring of 
1887, in the tunneling at shaft 16, new Croton Aqueduct, Yon- 
kers, Westchester County, N. Y. It is 10 by 15™", and is 
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merely a fragment perhaps of a crystal several inches in diam- 
eter. It is of a rich oily green, absolutely transparent and 
for perfection and transparency equal to anything ever found 
at the Knappenwand, Untersultzbachthal, Tyrol. Associated 
with the apatite was a granular epidote on which were some 
small dark green crystals of the same mineral. 


5. Cyanite from North Carolina. 


Mr. D. A. Bowman, of Bakersville, North Carolina, has 
kindly called my attention to some minerals from Bakersville, 
one of the most interesting of which is cyanite in distinet 
isolated crystals that for perfection, depth of color and trans- 
parency rival those from St. Gothard, Switzerland. They are 
found at an altitude of 5500 feet near the summit of Yellow 
Mountain, on the road to Marion, N. C., four miles southeast 
of Bakersville. They occur in a vein of white massive quartz 
in a granitic bluff, associated with almandite garnet of a very 
light pinkish purple color, but not transparent. The vein has 
a dip of 60° bearing N.E. and S.W. The color varies from 
almost colorless to deep azure blue, as dark as the Ceylonese 
sapphire. Some of the crystals were twe inches long while a 
few were observed 15™” in width, and 10" in thickness. No 
terminal planes were observed. Occurring in white quartz, 
they form beautiful specimens and the loose crystals were ex- 
tensively sold for sapphire at Roan Mountain, the tourists’ 
resort. 

6. Aragonite Pseudomorph. 


‘Among a collection of minerals sent to the Arizona Exhibi- 
tion at New Orleans from Pima County, Arizona, was a erys- 
tal originally aragonite, which had 
” been almost entirely changed and 
impregnated by oxide of manganese 
and red oxide of iron. It has an 
outer coating of white cacholong over 
simple rhombohedral erystals, 
now entirely changed to an oxide of 
manganese. The erystal is hollow on 
top to the depth of three-fourths of 
an inch. The sides of the cavity are 
lined with cacholong, but the bottom 
of the cavity is partly filled in with a 
white compact chaleedony. The fig- 
ure shows the crystal in natural size. The interior of the 
crystal is radiated, but is of a dark chocolate color and almost 
entirely altered to hematite. 
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SCIENTIFIC INTELLIGENCE. 


00. Explorations of the Gulf Stream, by Lieut. J. E. Prits- 
spury, U.S. N.—The Report for 1886 of the U. S. Coast and 
Geodetic Survey contains, in Appendix No. 11, a Report of new 
Explorations of the Gulf Stream, illustrated with maps, which 
closes with the following conclusiens (p. 289) : 

“T have to submit the following summary of my conclusions, 
based upon the information obtained during the two seasons’ 
observations. The examination of the Gulf Stream currents havy- 
ing been made in March, April, May, and June, the conclusions 
may be incorrect for other seasons of the year, although there are 
no good reasons for supposing that such is the case except, pos- 
sibly, in the amount of the variations. 

(1) Between Fowey Rocks, Florida, and Gun Cay, Bahamas, 
the current varies daily in velocity, at times as much as 24 knots. 
The greatest velocity is generally about nine hours before the 
upper transit of the moon. The variations are most excessive on 
- the west side of the straits and least on the east side. 

(2) The average daily currents vary during the month, the 
strongest set coming a day or two after the greatest declination 
of the moon. 

(3) The axis of the Gulf Stream, or the position of the strong- 
est surface flow in passing this point, is 114 miles east of Fowey 
Rocks Light-House. The strongest surface current found here 
was 54 knots per hour; the least, 1} knots; and the average, 3,5, 
knots. The average current at other places on either side of the 
axis is as follows: 


Knots 
Axis of the stream, 114 miles from Fowey Rocks -...__...-...-- 3°6 
34 miles west, or 8 miles from Fowey Rocks ----....--..------- 2°6 
34 miles east, or 15 miles from Fowey Rocks --_-.-.-.-.-------- 3°2 
10 miles east, or 22 miles from Fowey Rocks 2°8 
17 miles east, or 29 miles from Fowey Rocks _...--..-..---.--.- 2°4 
24 miles east, or 36 miles from Fowey Rocks ...........----...-- 18 


(4) The wind probably retards or accelerates the velocity of 
the current. A northeast gale in the Atlantic will probably 
“break up” the water of the stream, lowering its velocity ma- 
terially, and afterwards the flow will, by the reaction, be greatly 
increased over the normal speed. There is no evidence of any 
change in position of the axis of the stream due to the wind. 

(5) Two days’ observations off Jupiter Light, Florida, indicate 
the same daily variation as was found off Fowey Rocks, and the 
axis of the stream at this section is probably about 17 miles east 
of the light.” 

Appendix No, 12, in the same report, is a new and greatly 
enlarged review of the “Secular variation of the magnetic declin- 
ation in the United States and some foreign Stations, by Charles 
A. Schott. It covers pages 291 to 407. 
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OBITUARY. 


Henry Carvitt Lewis.—Professor Lewis, of Philadelphia, 
died at Manchester, England, on the 21st of July in his thirty- 
fifth year. He was a graduate of the University of Pennsylvania, 
an active member of the Academy of Sciences of Philadelphia, 
and in 1883 became Professor of Geology in Haverford College. 
One of his earliest papers, if not the first, is a notice of the Zodi- 
acal Light, giving the results of five years’ observations; it was 
read before the American Association in 1880, and appeared in 
vol. xx (1880) of this Journal. He commenced his glacial inves- 
tigations in 1879, in connection with the Geological Survey of 
Pennsylvania, worked on the same subject in 1885 and 1886 in 
Great Britain, and had intended to make observations the present 
season in Norway. The investigation of the “Terminal Moraine” 
from the eastern boundary of Pennsylvania (to which point it 
had been traced across New Jersey, by Professor G. H. Cooke), 
westward across Pennsylyvania, occupied him until the autumn 
of 1882, when his report of sbout 300 pages was presented for 
publication. Jt appeared in 1884, as No. Z of the Geological 
Series of the Pennsylvania Survey. In 1886 he read his paper on 
Glaciation in Great Britain before the British Association. 

Protessor Lewis was also a zealous mineralogist, and until 
recently had editorial charge of the mineralogical department of 
the American Naturalist. In 1886 he brought out his paper on 
the “Genesis of the Diamond,” tracing it to eruptive rocks, and 
basing his views principally on the published accounts of the 
diamond fields of Southern Africa. 

Mr. Lewis was an enthusiastic and energetic worker in Science, 
and promised to do much for its progress. He leaves a wife and 
one child. 

James STEVENSON.—Col. Stevenson died on the 25th of July. 
He was born in 1840, at Maysville, Kentucky. He was an early 
explorer of the Rocky Mountain region, and accompanied Dr. 
Hayden in his expedition as executive officer and manager. In 
1872 he ascended the highest of the Teton Range, the Great 
Teton. He has been, since 1879, connected with the U. 8S. Geologi- 
cal Survey, engaged in making ethnological investigations and col- 
lections in New Mexico and Arizona. <A very valuable report 
by him on the collections obtained in 1879 and 1880 is contained 
in the Report of the Secretary of the Smithsonian Institution for 
1881. 

Atsert D. Hacrer.—Mr. Hager was associated with Professor 
Edward Hitchcock and Mr. C. H. Hitchcock in the Geological 
Survey of Vermont. Since 1872 he has lived in Chicago, where 
he died on the 29th of July. He was born at Chester, Vermont, 
in 1817. 
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APPENDIX. 


I. LIST OF THE WRITINGS 


DR. ASA GRAY. 


CHRONOLOGICALLY ARRANGED.* 


I. ScrentrFic WorkKs AND ARTICLES. 


1834. 

A Sketch of the Mineralogy of a portion of Jefferson and St. Lawrence Counties, 
(N. Y.): by Drs. J. B. Crawe, of Watertown, and A. Gray, of Utica, (N. Y.). Am. 
J. Sen, XXV, 346-350. 

North American Graminez and Cyperaceze (exsiccate). Part I, 1834; Part II, 
1835. 

1835. 


A Monograph of the N. American species of Rhynchospora. Ann. N. Y. 
Lye., m1, 191-220 (reprint, 191-219), t. 1. [Hook. Comp. Bot. Mag., 1, 26-38.] 
A notice of some new, rare, and otherwise interesting plants from the northern 
and western portions of the State of New York. Ann. N. Y. Lyc., m1, 221-238 
(reprint, 220-236). 
1836. 


Elements of Botany. New York, 1836, 8vo, pp. xiv, 428. 


1837. 

Remarks on the structure and affinities of the order Ceratophyllacez. Ann. 
N. Y. Lye., tv, 41-60. 

Melanthacearum Americe Septentrionalis Revisio. Ann. N. Y. Lye., rv, 105- 
140. 
Remarks on the progress of discovery relative to vegetable fecundation: being 
a preface to the translation of A. J. C. Corda’s “ Beitrage zur Lehre von der Be- 
fruchtung der Pflanzen.” Am. J. Sci., xxx1, 308-317. 


1838. 


A Flora of North America: containing abridged descriptions of all the known 
indigenous and naturalized Plants growing north of Mexico; arranged according 
to the Natural System. By John Torrey and Asa Gray. Vol. 1. New York, 
1838-1840, 8vo, pp. xvi, 711.—Vol. . 1841-1843, pp. 504. 


* In the preparation of this list Dr. S. Watson and the undersigned have received 
much assistance from Professors Farlow and C. 8S. Sargent. A great part of the col- 
lection and revision of references has been done by Mr. W. F. Ganong, Assistant in 
Botany. Although much care has been exercised in the elaboration of the list, there 
are doubtless some omissions. In view of rendering the list more nearly complete, 
correspondents are urged to forward promptly any corrections. 

This list will be followed by an index to the writings. G. L. G. 
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1840. 


Remarks chiefly on the Synonymy of several North American plants of the 
Orchis tribe. Am. J. Sci., XXxvul, 306-311. 


1841. 


Notices of European Herbaria, particularly those most interesting to the North 
American Botanist. Am. J. Sci. XL, 1-18. [Ann. Nat. Hist., vil, 132-140, 179- 
185; Hooker’s Journ. Bot., 111, 353-374.] 

Notice of the Botanical Writings of the late C. S. Rafinesque. Am. J. Sei., Xu, 
221-241. 

1842. 


Notes of a botanical excursion to the mountains of North Carolina, etc., with 
some remarks on the botany of the higher Alleghany Mountains. Am. J. Sci., 
XLII, 1-49. [ Hook. Lond. Journ. Bot., 1, 1-14, 217-237; 1, 113-125: 111, 230-242.] 

The Botanical Text-Book for Colleges, Schools and Private Students. New 
York, 1842. 8vo, pp. 413. Edition 2d, ib. 1845, 8vo, pp. 509; 3d, ib. 1850, 8vo, 
pp. 520; 4th, ib. 1853, 8vo, pp. 528; Sth, under the title, Introduction to Structu- 
ral and Systematic Botany, being a fifth and revised edition of The Botanical 
Text-Book, New York, 1857-1858, pp. xii, 555. A second issue bears date 1860. 
Edition 6th, Part I. Structural Botany, or Organography on the basis of Mor- 
phology. New York, 1879, 8vo, pp. xt, 442. . 


1843. 


Selections from the Scientific Correspondence of Cadwallader Colden with Gro- 
novius, Linnzeus, Collinson and other Naturalists. Am. J. Sci., XLIV, 85-133. 


1844. 


Characters of some new genera [Monoptilon, Amphipappus, Calliachyris, Aniso- 
coma] and species of plants of the natural order Composite, from the Rocky 
Mountains and Upper California. Proc. Bost. Soc. Nat. Hist., 1, 210-212 (abstract); 
Journ. Bost. Soc. Nat. Hist., v, 104-111, with plate. 

The Longevity of Trees. N. A. Review, July, 1844, 189-238. 


1845. 
The Chemistry of Vegetation. N. A. Review, Jan, 1845, 3-42. 
Plante Lindheimerianz; an enumeration of F. Lindheimer’s collection of Texan 
plants, with remarks, and descriptions of new species, etc. By George Engel- 
mann and Asa Gray. Journ. Bost. Soc. Nat. Hist., v, 210-264. 


1846. 


Musci Alleghanienses, sive Spicilegia Muscorum atque Hepaticarum quos in 
itinere a Marylandia usqhe ad Georgiam per tractus montium A. D. mdcccexliii 
decerpserunt Asa Gray et W. 5S. Sullivant (interjectis nonnullis aliunde collectis). 
Review, with notes.] Am. J. Sci., II, 1, 70-81, 312. 

Notice of a new genus of plants of the order Santalaceze (Darbya). Am. J. Sci., 
II, 1, 386-389; Proc. Bost. Soc. Nat. Hist., 11, 115-116 (abstract); Journ. Bost. 
Soc. Nat. Hist., v, 348-351. 

Scientific Results of the Exploring Expedition. N. A. Review, July, 1846, 
211-226. 

Analogy between the Flora of Japan and that of the United States. Am. J. 
Sci., II, m, 135-136. 

Characters of some new genera and species of Composite from Texas. Proc. 
Am. Acad., 1, 46-50. [Am. J. Sci., II, m1, 274-276, in part.] 

Chloris Boreali-Americana. [Illustrations of new, rare. or otherwise interesting 
North American Plants, selected chiefly from those recently brought into cultiva- 
tion at the Botanic Garden of Harvard University. Decade I. Mem. Am. Acad., 
III, 1-56, tt. 1-10. 
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1847. 
Food of the Mastodon. Am. J. Sci., II, m1, 436. 
Note upon Carex loliacea, Linn, and C. gracilis. Zhrh. Am. J. Sci., II, rv, 19-22. 


1848. 


Genera Flore: Americz Boreali-Orientalis Illustrata. The Genera of the Plants 
of the United States illustrated by figures and analyses from nature, by Isaac 
Sprague, Superintended and with descriptions, ete., by Asa Gray. Vols. 1, u 
(1848, 1849), 8°, pp. 230, 229, and 186 plates. 

A Manual of the Botany of the Northern United States, from New England to 
Wisconsin and South to Ohio and Pennsylvania inclusive (the Mosses and Liver- 
worts by Wm. S. Sullivant), arranged according to the Natural System. Boston 
and Cambridge, 1848, 8vo, pp. Ixxii, 710. [Later editions are given under dates 
of publication. ] 


1849. 

Plante Fendlerianze Novi-Mexicane: an account of a Collection of Plants 
made chiefly in the Vicinity of Santa Fé, New Mexico, by Augustus Fendler. 
Proc. Am. Acad., 11, 5-9 [abstract]; Mem. Am. Acad., Iv, 1-116. 

On some plants of the order Composit from the Sandwich Islands. Proc. Am. 
Assoe., 397-398. 

On the composition of the plant by phytons, and some applications of phyllo- 
taxis. Proc. Am. Assoc., 0, 438-444. 

Note on the genus Thelesperma, Lessing. Hook. Journ. Bot., 1, 252. 


1850. 
Plantz Lindheimerianz, Part II. Journ. Bost. Soc. Nat. Hist., v1, 141-233. 


1851. 


Characters of some Gnaphalioid Composit of the division Angianthez. Hook. 
Journ. Bot., 11, 97-102, 147-153, 172-178. 

Characters of a new genus (Dissothrix) of Compositie-EKupatoriaceze, with remarks 
on some other genera of the same tribe. Hook. Journ. Bot., 111, 223-225. 


1852. 


Account of Argyroxiphium. a remarkable genus of Composite, belonging to 
the mountains of the Sandwich Islands. Proc. Am. Acad., I, 159-160. 

Characters of three new genera of plants of the orders Violacee and Anonacew, 
discovered by the naturalists of the United States Exploring Expedition [ Agatea, 
Isodendrion, Richella]. Proc. Am. Acad., 11, 323-325, 

Plante Wrightianze Texano—Neo-Mexicanze: an account of a Collection of 
Plants made by Charles Wright, A.M.. iu an expedition from Texas to El Paso, 
New Mexico, in the summer and autumn of 1849. Part I. Smithsonian Contri- 
butions, 111, 1-146, tt. 10. 

Remarks on Menodora, Humb. and Bonpl., and Bolivaria, Cham. and Schlecht. 
Am. J. Sci., II, x1v, 41-45. 

Note on Tetratheca. Hook. Journ. Bot., rv, 199-200. 

Characters of some Southwest Australian Composite, principally of the subtribe 
Gnaphaliew. Hook. Journ. Bot., 1v, 225-232, 266-276. 


1853. 

Plante Wrightiane Texano—Neo-Mexicane. Part II. An account of a col- 
lection of plants made by Charles Wright, A.M., in Western Texas, New Mexico 
and Sonora, in the years 1851 and 1852. Smithsonian Contributions, v, 1-119, tt. 4. 

Brief characters of some new genera and species of Nyctaginacex, principally 
collected in Texas and New Mexico. Am. J. Sci., I], xv, 259-263, 319-324. 

On the discovery of two species of Trichomanes in the State of Alabama, one 
of which is new. Am. J. Sci., II, xv, 424-326. 
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Characters of Tetraciea, a new genus of Verbenacew. Am. J. Sci., ht, XVI, 97-98. 

Note on the parasitism of Comandra umbellata, Nutt. Am. J. Sci., II, xv1, 
250-251. [Ann. Nat. Hist., x11, 365-366. ] 

Characters of some new genera of Plants, mostly from Polynesia, in the col- 
lection of the United States Exploring Expedition under Captain Wilkes. Proc. 
Am. Acad., III, 48-54, 127-129. 


1854. 

On the age of the large tree recently felled in California. Am. J. Sci., II, xvu, 
440-443. 

Note on the genus Buckleya. Am. J. Sci. IT, xvii, 98-100. 

Plantz Nove Thurberianz: The characters of some New Genera and Species 
of Plants in a Collection made by George Thurber, Esq., of the late Mexican 
Boundary Commission, chiefly in New Mexico and Sonora. Mem. Am. Acad., 
n. V, 297-328. 

On the Affinities of the Genus Vavea, Benth.; also of Rhytidandra, Gray. 
Mem. Am. Acad., n. s., V, 329-336. [Hook. Journ. Bot., vi, 189-190.] 

United States Exploring Expedition, during the years 1838, 1839, 1840, 1841, 
1842, under the command of Charles Wilkes, U. S. N. Vol. xv. Botany. 
Phanerogamia. With a folio Atlas of one hui dred plates. PartI. Philadelphia, 
1854. 49°, pp. 775. 

Mammoth Trees of California. Am. J. Sci., II, xvim, 286-287. 


1855. 

The Smithsonian Institution. Am. J. Sci., II, xx, 1-21. 

Botanical Report, by John Torrey and Asa Gray, upon the Collections made by 
Captain Gunnison, Topographical Engineers, in 1853, and by Lieutenant E. G. 
Beckwith, Third Artillery, in 1854. Pacific R. R. Surveys, 1 115-132,with ten 
plates. 

Report on the Botany of the Expedition [under Captain John Pope], by John 
Torrey and Asa Gray. Pacific R. R. Surveys, 1, 157-178, with ten plates. 

Note on the Development and Structure of the Integuments of the Seed of 
Magnolia. Hook. Journ. Bot., vi, 243-245; vit, 26. 


1856. 


A Manual of the Botany of the Northern United States: Second Edition; in- 
cluding Virginia, Kentucky, and all east of the Mississippi; arranged according 
to the Natural System. (The Mosses and Liverworts by Wm. S. Sullivant.) With 
fourteen plates, illustrating the genera of the Cryptogamia. New York, 1856. 
8°, pp. xxviii, 739. 

Note on Obolaria virginica, Z., Journ. Lian. Soc., 1, 129-130. 

For what purpose were plants created ? (Addressed to Prof. Dana). Am. J. Sci, 
II, xx1, 428, 429. 

Statistics of the Flora of the Northern United States. Am. J. Sci., II, xxu, 
204-232; 62-84, 369-403. 

Wild Potatoes in New Mexico and Western Texas. Am. J. Sci., IJ, xxu, 284, 
285. 


1857. 


Centrostegia. Pacific R. R. Surveys, vii (Botany), 19. 

List of Dried Plants collected in Japan, by S. Wells Williams, Esq., and Dr. 
James Morrow. Narrative of the Expedition of an American Squadron to the 
China Seas and Japan, performed in the years 1852, 1853 and 1854, under the 
command of Commodore M. C. Perry, 11, 303-329. 

Report of the Botany of the Expedition [under Lieutenant A. W. Whipple]. 
(By John Torrey. The Composite, Plantaginaceze, Orobanchacez, Scrophularia- 
ces and Bignoniaceve, by Asa Gray). Pacific R. R. Surveys, Iv, 95-115, 117-122, 
with eight plates. 
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General Catalogue of the Plants collected on the Expedition [under Lieut. R. S. 
Williamson and Lieut. H. L. Abbot]. (By J. S. Newberry. Ivesia, Composite, 
Hemitomes (and Monotropew), Scrophulariaceze, Hydrophyllaceze, and Gentianaceze 
by Asa Gray). Pacific R. R. Surveys, vi, 72-73, 76-87, with six plates. 

First Lessons in Botany and Vegetable Physiology. New York, 1857. 8vo, 
pp. 236. [There are later issues.] Revised Aug., 1868. 

On the age of a large Californian coniferous tree. Proc. Am. Acad., U1, 94-97. 


1858. 


A short exposition of the structure of the ovule and seed-coats of Magnolia. 
Journ. Linn. Soc., 1, 106-110. 

How Plants Grow: a simple introduction to Structural Botany. With a Popu- 
lar Flora. New York, 1858. S8vo, 233. 

Note on the coiling of tendrils of plants. Proc. Am. Acad., Iv, 98-99. [Ann. 
Nat. Hist., m1, 513-514; Am. J. Sci., 11, xxvii, 277-278. ] 

Notes upon some Rubiacee, collected in the South Sea Exploring Expedition 
under Capt. Wilkes. Proc. Am. Acad., Iv, 33-50, 306-318. 

Action of foreign Pollen upon the Fruit. Am. J. Sci., II, xxv, 122, 123. 


1859. 


Neviusia, a new genus of Rosacez. Mem. Am. Acad., vI, 373-376, with plate. 

Diagnostic characters of new species of phenogamous plants, collected in Japan 
by Charles Wright, botanist of the U. S. North Pacific Exploring Expedition. 
With observations upon the relations of the Japanese Flora to that of North 
America, and of other parts of the Northern Temperate Zone. Mem. Am. Acad., 
vi, 377-452. [Bibl. Univ. Archives, 1x, 32-43; Canadian Naturalist, Iv, 296- 
297; Am. J. Sci., Il, xxvii, 187-200.] 

On the genus Croomia, and its place in the Natural System. Mem. Am. Acad., 
VI, 453-457, with plate. 

Characters of Ancistrophora, a new genus of the order Composite, recently 
detected by Charles Wright. Mem. Am. Acad., v1, 457-458. 

Notes upon some Polynesian plants of the order Loganiaceze. Proc. Am. Acad., 
Iv, 319-324, 

Diagnoses of the species of Sandal-wood (Santalum) of the Sandwich Islands. 
Proc. Am. Acad., IV, 326-327. 

A revision of the genus Forestiera. Proc. Am. Acad., IV, 363-366. 

Report of the United States and Mexican Boundary Survey made under the 
direction of the Secretary of the Interior, by William H. Emory. Vol. m1, Part I. 
Botany of the Boundary. (Note on Synthlipsis, Composite, Scrophulariacez, 
note on Datura, conspectus of the genera of Nyctaginaceze and the species of 
Mirabilis and Oxybaphus, by Dr. Gray), pp. 34, 73-107, 110-121, 154, 172-175, 
with five plates. 

Lists of Plants collected by Emanuel Samuels, in Sonoma County, California, in 
1856. Proc. Bost. Soc. Nat. Hist., vit, 142-145. 

List of a collection of dried plants made by L. J. Xantus, at Fort Tejon and 
Vicinity, California, near lat. 35° and long. 119°, 1857-8 Proc. Bost. Soc. Nat. 
Hist., vil, 145-149. 

Manual of the Botany of the Northern United States. Revised [Third] Edition ; 
including Virginia, Kentucky and all east of the Mississippi; arranged according 
to the Natural System. With six plates, illustrating the Genera of Ferns, etc. 
1859, pp. xxiv, 635. 

British National Museums of Natural History. Am, J. Sci., I], xxvu, 277. 

Trichomanes radicans, Swartz. Am. J. Sci., xxv, 440, 441. 


1860. 


Catalogue of Plants collected East of the Rocky Mountains. Pacific R. R. Sur- 
veys, XII, part 2, 40-49, with three plates. 

Report upon the Colorado River of the West, explored in 1857 and 1858 by 
Lieutenant Joseph (. Ives. Part IV. Botany (the orders preceding Verbenace, 
excepting the Cactaceze, by Prof. Gray), pp. 1-20. 
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Potamogeton crispus, L.; Marsilea quadrifolia, L. Am. J. Sci., II, xxx, 139, 140. 
Discussion between two readers of Darwin’s Treatise on the Origin of Species. 
Am. J. Sci., II, xxx, 226-239. [Design versus Necessity.—Discussion between 
two readers of Darwin’s Treatise on the Origin of Species, upon its natural the- 
ology. Darwiniana, pp. 62-86. ] 
1861. 


Note on the species of Nissolia. Journ. Linn. Soc., v, 25-26. 

Characters of some Composite in the collection of the United States South Pa- 
cific Exploring Expedition under Capt. Wilkes; with observations, ete. Proc. 
Am. Acad., v, 114-146. 

Notes on Lobeliacexe, Goodeniacez, etc., in the collection made by the South 
Pacific Exploring Expedition. Proc, Am. Acad., v, 146-152. 

Enumeration of a collection of dried plants made by L. J. Xantus, at Cape San 
Lucas, ete., in Lower California, between Aug, 1859, and Feb., 1860. Proc. Am. 
Acad., v, 153-173. 

A cursory examination of a collection of dried plants made by L. C. Ervend- 
berg around Wartenberg, near Tantoyuca, in the ancient province of Huasteca, 
Mexico, in 1858 and 1859. Proc. Am. Acad., v, 174-190. 

ae on the genus Graphephorum, bo , and itssynonymy. Proc. Am. Acad., 

, 190-191; Ann. Bot. Soc, Canada, |, 55-57, 

"ines upon a portion of Dr. Seemann’s — collection of dried plants gathered 
in the Feejee Islands. Proc. Am. Acad., v, 314-321. 

Characters of new or obscure species of plants of Monopetalous orders in the 
collection of the United States Pacific Exploring Expedition; with occasional re- 
marks, etc. Proc. Am. Acad., Vv, 321-352; vi, 37-55. 

Heath (Catluna vulgaris) in North America. Am. J. Sci., IT, xxxu, 290, 291; 
XXXVIN, 122-124; 428, 429; XxxIx, 228; 128, 129. [Calluna atlantica, 
Seem. ; also Seemann’s Journ. Bot., v, 84, 85.] 

Aira caryophyllea in the United States. Am. J. Sci., 11, xxxu, 291. 


1862, 


Plantie Vitienses Seemaunianze. Remarks on the Plants collected in the Vitian 
or Fijian Islands by Dr. Berthold Seemann. Bonplandia, x. 34-37. 

Enumeration of tlie Plants of Dr. Parry’s collection in the Rocky Mountains in 
1861. Am.J. Scei., I], Xxxiu, 237-243, 404-411; xxxiv, 249-26], 330-341. 

Notes upon the * Description of New Plants from Texas by S. B. Buckley.” 
Proc. Phila. Acad. Nat. Sci., 1862, 161-168. 

A Report upon S. B. Buckley’s “ Description of Plants, No. 3, Graminez.” 
Proc. Philad. Acad., 1862, 332-337. 

Additional note on the genus Rhytidandra. Proc. Am. —e VI, 55-56. 

Synopsis of the genus Pentstemon. Proc. Am. Acad., v1, 56-76. 

Revision of the North American species of the genus Calamagrostis, sect. Dey- 
euxia. Proc. Am. Acad., v1, 77-80. 

Fertilization of Orchids through the Agency of Insects. Am. J.Sci., II, xxxtv, 
420-429. 

1863. 


Darlingtonia Californica, Torr. Am. J. Sci., Il, xxxv, 136-137. 

Botanical Collections in the Rocky Mountains. Am. J. Sci., II, XXXV, 137. 

Species considered as to Variation, Geographical Distribution and Succession. 
Ann. Nat. Hist., x11, 81-97. [Darwiniana, pp. 178-204. ] 

Enumeration of the species of plants collected by Dr. C. C. Parry and Messrs. 
Elihu Hall and J. P. Harbour, during the summer and autumn of 1862, on and 
near the Rocky Mountains, in Colorado Territory, lat. 36°-41°. Proc. Philad. 
Acad. Nat. Sci., 1863, 55-80. 

Structure and fertilization of certain Orchids. Am. J. Sci., II, xxxv1, 292-294. 

Manual of the Botany. ete. Fourth revised Edition. To which is added 
Garden Botany, an Introduction to a knowledge of the common cultivated Plants. 
With twenty-two plates, illustrating the Grasses, Ferns, Mosses, etc. New York, 
1863, pp. ci, 743. 

Synopsis of the species‘of Hosackia. Proc. Acad. Philad., 1863, 346-352. 
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1864. 


On Streptanthus, Nwtt., and the plants which have been referred to that genus. 
Proc. Am. Acad., vi, 182-188. 

A revision and arrangement (mainly by the fruit) of the North American 
species of Astragalus and Oxytropis. Proc. Am. Acad., v1, 188-236. 

On scientific nomenclature. Am. J. Sci., II, xxxvul, 278-281. [Ann. Mag. Nat. 
Hist., x11, 517-520 ; Seemann’s Journ. Bot., 11, 188-190. ] 

Radicle-ism. Am. J. Sci., XxxvulI, 125-126. 

New Scirpi of the Northern United States: S. Canbyi, S. Clintonii. Am. J. Sei, 
II, xxxviil, 289-290. 


1865. 


Najas major, Ruppia maritima, ete., discovered at Salina, N. Y. Am. J. Sci., 
{I, xxx1x, 106-107. 

Harvard University Herbarium. Am. J. Sci., I], xxx1x, 224-226. 

Story about a Cedar of Lebanon. Am. J. Sci., Il, xxxrx, 226-228. 

New or little known Polynesian Thymeleze. Seemann’s Journ. Bot., H1, 302-306. 

The Tennessee Yellow-Wood (Cladrastis lutea). Am. J. Sci., Il, xu, 273. 

Characters of some new plants of California and Nevada, chiefly from the col- 
lections of Professor William H. Brewer and of Dr. Charles L, Anderson, with 
revisions of certain genera or groups. Proc. Am. Acad., VI, 519-556. 


1866. 


Professor Treadwell’s Improvements in constructing Cannon: Address of the 
President of the American Academy of Arts and Sciences (Prof. Asa Gray) upon 
the presentation of the Rumford Medwl to Professer Treadwell. November 15, 
1865. Proc. Am. Acad., vil, 44-51; Am. J. Sei., I, xt, 97-103. 

Scolopendrium officinarum in Western New York. Am. J. Sci., II, XL1, 417. 

A new Fijian Hedycaria: H. dorstenioides. Seemann’s Journ. Bot., Iv, 83-84. 

Note on a regular dimerous flower of Cypripedium candidum. Am. J. Sci., IT, 
XLM, 195; [Ann. Mag. Nat. Hist., xvii, 341-342; Seemann’s Journ. Bot., Iv, 
378-379.] 


1867. 


An innovation in nomenclature in the recently issued volume of the Prodromus. 
Am. J. Sci., Il, xm, 126-128; [Seemann’s Journ. Bot., v, 81-84]. 

Manual of the Botany of the Northern United States, including the District east 
of the Mississippi and north of North Carolina and Tennessee, arranged according 
to the Natural System. Fifth Edition, with tweuty plates, illustrating the 
Sedges, Grasses, Ferns, etc. New York, 1867. 8°, pp. 701. A second Issue in 
1868 has four pages of addenda. 

Re uae of stamens and use of abortive organs. Am. J. Sci., II, XxLin, 
273-274, 

Botanical Notes and Queries. On Sambucus Canadensis, Robinia hispida, and 
Clerodendron Thompsonz. Am. Nat.. 1, 493-494. 

May-apples in Clusters; Invasions of Foreign Plants. Am. Nat., 1, 494-495. 


1868. 


Botanical Notes and Queries. On Tillandsia usneoides; Robinia hispida. At. 
Nat., 1, 673-674. 

Monstrous Flowers of Habenaria fimbriata; The Elder (Sambucus Canadensis) 
as a native plant; German Ivy, so-called, flowering under peculiar circumstances. 
Am. Nat., 11, 38-39. 

Descriptions of eleven new Californian plants. Proc. Calif. Acad., 11, 101-103. 

Characters of new plants of California and elsewhere, principally of those col- 
lected by W. H. Brewer and H. N. Bolander. Proc. Am. Acad., vu, 327-401. 

Shortia, Zorr. & Gray, and Sehizocodon, Sieb. & Zucc., identical. Am. J. 
Sci., II, xiv, 402-403. 

Remarks on the laws of botanical nomenclature. Am. J. Sci., II, xivi, 74-77. 
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Planera aquatica, the Planer-tree. Am. Nat., 1, 441. 

Saxifraga Virginiensis. Am. Nat., 11, 484 

Field, Forest and Garden Botany. A simple introduction to the common plants 
of the United States east of the Mississippi, both wild and cultivated. New 
York, 1868. 8°, pp. 386. A second revised issue, 1870. Bound with the “ Les- 
sons,” this forms the ‘School and Field-book of Botany.” 


1870. 


A revision of the Eriogonez. By Asa Gray and J. Torrey. Proc. Am. Acad., 
vill, 145-200. 

Dialysis with Staminody in Kalmia latifolia. Am. Nat., Iv, 373-374. 

Botanical Contributions.—1. Reconstruction of the Order Diapensiacese.—2. 
Revision of the North American Polemoniaceze.—3. Miscellaneous Botanical Notes 
and Characters. Proc. Am. Acad., vim, 243-296. 


1871. 


On hypocotyledonary gemmation, Am. J. Sci., III, u, 63; [Ann. Mag. Nat. 
Hist., vi, 220.] 

Arrangement for Cross-fertilization of the flowers of Scrophularia nodosa. Am. 
J. Sci., IIT, m1, 150-151. 

Characters of a new genus (Eophyton) consisting of two species of parasitic 
Gentianez: E. tenellum, E. Lobbii. Journ. Linn. Soc., x1, 22-23. 

A new species of Erythronium: EK. propullans. Am. Nat., v, 298-300. [Cana- 
dian Naturalist, v, 465-466. ] 

Anthers of Parnassia. Am. J. Sci.. III, 1, 306. [Am. Nat., v, 649-650.] 

Baptisia perfoliata: the arrangement of morphology of its leaves. Am. J. Sci., 
III, 11, 462-463. [Seemann’s Journ. Bot., x, 84-85. 

Drosera (Sundew) as a Fly-catcher, Am, J. Sci.. III, 11, 463-464. 


1872. 


Dismissal of the late Botanist of the Department of Agriculture. Am. Nat., 
vi, 39-45. [Am. J. Sci., III, v, 315-318.] 

Botany for Young People. Part 1.—How Plants Behave: how they move, 
climb, employ insects to work for them, etc. New York, 1872. Small 4°, pp. 46. 

Plant Dryers. Am. Nat., v1, 107-108. 

New parasitic plant of the Mistletoe family: Arceuthobium minutum. Am. 
Nat., v1, 166-167. 

Botanical Contributions —1. Notes on Labiatze.—2. Determinations of a collec- 
tion of Plants made in Oregon by Elihu Hall during the summer of 1871, with 
Hy characters of some New Species and various Notes. Proc. Am. Acad., VIII, 
365-412, 

Rumex Britannica, L. Seemann’s Journ. Bot., x, 211-212 (from Proc. Am. 
Acad., vim, 399). 
Address before the American Association at Dubuque, Iowa, August, 1872. 
Am. J. Sci., III, 1v, 282-298; Am. Nat., v1, 577-596 (‘Sequoia and its history”); 
Trimen’s Journ. Bot., x (1872), 309-313 (extract, “* Origin of the Flora of Atlantic 
North America”); Proc. Am, Assoc., XxI, 1-31 (with corrections and appendix). 
[Sequoia and its history; the relations of North American to Northeast Asian 
j and to Tertiary Vegetation. Darwiniana, pp. 205-235.] 
Wild Double-flowered Epigzea repens, Am. Nat., v1, 429. 
Acer nigrum with Stipules. Am. Nat., v1, 767. 


1873. 


The Horse Disease. Am, Nat., vu, 167. 

Gelsemium has dimorphous flowers. Am. J. Sci., III, v, 480. 

Note on apples which are half like one and half like another species. Am. 
Nat., vil, 236. 

Fly-catching in Sarracenia. Am. J. Sci., IIf, vi, 149-150; 467-468; vil, 
440-442. 
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Botanical Notelets. Equisetum arvense; Cypripedium acaule; Acer nigrum; 
Anemone nemorosa or trifolia; Dimorphism in Forsythia. Am. Nat., vil, 422-423. 

Dioneza. Am. J. Sci., IIT, vi, 150. 

Plante Texan: a list of the Plants collected in Eastern Texas in 1872. and 
distributed to subscribers by Elihu Hall. Salem, 1873. 4°, pp. 29. 

Rubus deliciosus, Zorr.; Spiranthes Romanzoviana. Am. J. Sci., ITI, v1, 389-390. 

Characters of new genera and species of plants. Proc. Am. Acad., viIl, 620-631. 

Notes on Composit and characters of certain genera and species, ete. Proc. 
Am. Acad., vill, 631-661. 

Cleistogenous Flowers in Oxybaphus nyctagineus. Am. Nat, vil, 692. 

Note on movements of leaves of Drosera and Dionza. Am. Nat., vil, 738-739. 


1874. 

Yucca gloriosa; Arundo Donax in Virginia; Trichomanes radicans in Kentucky. 
Am. J. Scei., III, vm, 65. 

How Trees grow tall. N. Y. Semi-weekly Tribune, Feb. 20, Mar. 6, Mar. 13. 

Insectivorous Plants. Nation, No. 457, pp. 216-217; No. 458, pp. 232-234. 
[Darwiniana, pp. 289-307. ] 

Notes on Compositz and characters of certain genera and species. Proc. Am. 
Acad., (x, 187-218. 

Were the Fruits made for Man, or did Man make the Fruits? Am. Nat., viii, 
116-120. (Reprinted from the ‘“ Horticulturist.”) 

Spheeralcea acerifolia in Illinois. Am. J. Sci., III, vi, 239. 

Pachystigma Canbyi, Gray; Woodsia Ilvensis, why so named? Villars and 
Villarsia. Am. J. Sei., HI, vir, 442-443. 

Insectivorous Plants—additional investigations. N. Y. Semi-weekly Tribune, 
June 5. 

Note on the origin of ‘May Apples.” N. Y. Semi-weekly Tribune, June 12. 

A Vegetable Steel-trap. N. Y. Semi-weekly Tribune, Nov. 6. ; 

The Office of Leaves. N. Y. Semi-weekly Tribune, Nov. 27. 

Do Varieties wear out or tend to wear out? N. Y. Semi-weekly Tribune, Dec. 
8. [Am. J. Sci., III, rx, 109-114; Darwiniana, pp. 334-355. Noticed in Am. 
Nat., 1X, 53.] 

Contributions to the Botany of North America.—1l. A Synopsis of the North 
American Thistles.—2. Notes on Borraginaceze.—3. Synopsis of North Ameri- 
can Species of Physalis.—4. Characters of various New Species. Proc. Am. 
Acad., x, 39-78. 

Johnson’s New Universal Cyclopedia.—Botany, 1., 566-571.—Leaf, 1, 1694.— 
Morphology, 111, 627. ' 


1875. 


Revision of the Genus Symphoricarpus. Journ. Linn, Soc., x1v, 9-12. 

Note on Nemacladus, Nutt. Journ. Linn. Soc., x1v, 28-29. 
an conspectus of the North American Hydrophyllacee. Proc. Am. Acad., x, 

2-332. 

AXstivation in Asimina. Am. J. Sci., ITI, x, 63. 
“ee = peas from mummies and clover from greensand marl. Nation, No. 
523, p. 27. 

The Potato Rot; Slitting down the Bark of Fruit Trees in Early Summer. Am. 
Agriculturist, July, pp. 262-263. 

A Pilgrimage to Torreya. Am. Agriculturist, July, pp. 266-267. 

The Box-Huckleberry (Gaylussacia brachycera, Gray). Am. J. Sci., ITI, x, 155. 

Spontaneous Generation of Plants. Am. Agriculturist, Oct. 

4istivation and its Terminology. Am. J. Sci., III, x, 339-344. [Trimen’s 
Journ. Bot., x1v, 53-58.] 
_ Menyanthes trifoliata; Botrychium simplex, with pinnated divisions to the ster- 
ile frond. Am. Nat., 1x, 468. 

The Botanic Garden. The Harvard Book, 1, 313-315. 
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1876. 


Miscellaneous Botanical Contributions. Proc. Am. Acad., x1, 71-104. 

Burs in the Borage Family. Am. Nat., x, 1-4. 

Plantain. Am. Agriculturalist, Jan., p. 19. 

How Flowers are Fertilized. American Agriculturist. Art. I. Campanulas or 
Bell Flowers, Jan., p. 22; Art. II. Compound Flowers, Feb., p. 62; Art. III. 
Clerodendron and Fire-weed, Apr., pp. 142-143; Art. IV. Houstonia and Par- 
tridge-berry, May, p. 182; Art. V. Dicentra or Bleeding-hearts, June, p. 222; 
Art. VI. Laurel, July, p. 262; Art. VII. False Indigo and Red Clover, Aug., p. 
303; Art. VIII. Beans and other Flowers of the Pulse Family, Oct., pp. 382-383 ; 
Art. IX. Ground-nut or Apios, Jan., 1877, pp. 22-23; Art. X. The Busy Bee, 
Feb., pp. 62-63; Art. XI. The Good of Cross-fertilization, Mar., p. 102; Art. XII. 
How Cross-fertilization benefits, May, p. 182; Art. XIII. Lady-slippers, June, pp. 
222-223. 

Cheilanthes Alabamensis; Dichogamy in Epilobium angustifolium; Dimorphism 
in Claytonia. Am. Nat., x, 43-44. 

Comparative Zoology, Structural and Systematic. Nation, No. 578, p. 63-64. 

Seeds that float in water; Use of the hydrometric twisting of the tail to the 
carpels of Erodium. Am. J. Sci, III, x1, 157-158. 

Our Wild Gooseberries. Am. Nat., x, 270-275. 

Tolmizea Menziesii. Am. Nat., x, 300. 

Botany of California. [Saxifragacee and Gamopetale by Asa Gray].—Vol. 1, 
192-208, 277-622. 

Darwiniana: Essays and reviews pertaining to Darwinism. New York, 1876, 
8vo, pp. 396. 

Schoeenolirion, Zorr. Am. Nat., x, 426-427, 552-553. 

Anthers in Trillium. ‘Same, x, 427-428. 

Notes on Acnida [Trimen’s Journ. Bot., xiv, 310-312]; Large Elm; Calluna 
vulgaris, the Ling or Heather, rediscovered in Massachusetts. Am. Nat., x, 
487-490. 

Sedum reflexum, L. Am. Nat., x, 553. 

Nympheea flava, Leitner. Am. J. Sci., ITI, x1, 416. 

Heteromorphism in Epigea. Am. J. Sci., III, xu, 74-76; [Am. Nat., x, 490-492.] 

Contrivutions to the Botany of North America.—1l. Characters of Canbya (n. 
gen.) and Arctomecon.—2. Characters of New Species, etc. Proc. Am. Acad., 
XII, 51-84, with two plates. 

Subradical solitary Flowers in Scirpus; Relation of Coloration to Environment. 
Am. J. Sci., Til, xu, 467. 


1877. 


Date of Publication of Elliott’s Botany of South Carolina and Georgia. Am. J. 
Sci., III, x, 81, 392. 

Homogone and Heterogone (or Homogonous and Heterogonous) Flowers. Am, 
J. Scei., II, xm, 82-83. [Am. Nat., x1, 42.] 

Notice of Darwin on the Effects of Cross- and Self-Fertilization in the Vegetable 
Kingdom. Am. J. Sci., III, xi, 125-141. 

Dextrorse and Sinistrorse. Am. J. Sci., III, xm, 236-237, 391. 

Fertilization of Gentiana Andrewsii. Am. Nat., xr, 113. 

On some remarkable specimens of Kalmia latifolia, L. Proc. Bost. Soc. Nat. 
Hist., xix, 75-76; [Am. Nat., x1, 175.] 

Characters ‘of some little-known or new genera of plants. Proc. Am. Acad., 
159-165. 

Notes on the History of Helianthus tuberosus, the so-called Jerusalém Arti- 
choke. By J H. Trumbull and Asa Gray. Am. J. Sci., III, xm, 347-352; XxIv, 
428-429. 

The Jerusalem Artichoke once more. Am. Agriculturist, p. 142. [Gardeners’ 
Chronicle, n. ser., vii, 472.] 

The Germination of the genus Megarrhiza, Jorr. Am. J. Sci., Il], x1v, 21-24; 
[Bot. Gazette, 130-132. ] 

Orchis rotundifolia, Pursh. Am. J. Sci., III, x1v, 72. [Am. Nat., x1, 431.] 
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Athamantha Chinensis, L. Am. J. Sci., III, xrv, 160. 

Saxifraga Virginiensis. Am. Nat., x1, 366. 

Three-flowered Sanguinaria. Am. Nat., x1, 431. 

Fertilization of Browallia elata. Proc. Phil. Acad., xx1x, 11-12. 


1878. 


Plants May Thrive on a Meat Diet. Am. Agriculturist, Apr., p. 131. 

The two wayside Plantains. Bot. Gaz., m1, 41-42. 

Contributions to the Botany of North America.—1. Elatines Americanz.—2. 
Two New Genera of Acanthacee.—3. New Astragalii—4. Miscellaneze. Proc. 
Am, Acad., 361-374. 

Synoptical Flora of North America. Vol. 1.—Part I. Gamopetale after 
Composite. New York, May, 1878. Roy. 8°, pp. viii, 402.—Second Edition 
[with Supplement, etc., in connection with vol. 1, Part II]. New York, January, 
1886. Roy. 8°, pp. viii, 494. Reissued, with corrections, April, 1888, as Smith- 
sonian Miscellaneous Collections, vol. Xxxv. 

Early Introduction and Spread of the Barberry in Eastern New England. Am. 
J. Sei., IIT, xv, 482-483. 

Forest Geography and Archeology: a lecture delivered before the Harvard 
University Natural History Society, April 18, 1878. Am. J. Sci., II, xv1, 85-94, 
183-196. [Géographie et Archéologie forestiéres de l’ Amerique du Nord, (a French 
translation by Ch. Naudin.) Ann. Sci. Nat., VI, vu, 126-163.] 

Classification of the Botanical Collection made during the San Juan Reconnais- 
sance of 1877, in Colorado and New Mexico. Annual Report of the Chief of 
Engineers for 1878. Appendix SS, pp. 1833-1840. 

Some Western Plants. Bot. Gaz., 11, 81. 

Dr. Newcomb and the Uniformity of Nature. By a Country Reader. Inde- 
pendent, No. 1558, p. 1. Letters on the same subject in No. 1555, p. 16, and No. 
1564, p. 15. 

The Animal Poison of the Far West—‘‘ Loco” or ‘“Crazy-weed.” Am. Agri- 
culturist, Oct., pp. 380-381. 

Does Nature forbid Providence? By “Country Reader.” Independent, xxx, 
No. 1562, pp. 1-3. 

What is a Sweet Potato? Am. Agriculturist, Nov., p. 423. 

On a form of Scirpus supinus, L. Trimen’s Journ. Bot., xvi, 346. 

Shortia galacifolia rediscovered. Am. J. Sci., ILI, xvi, 483-485. [Bot. Gaz., 
Iv, 106-108.] 

Note sur le Shortia galicifolia et Revision des Diapensiacées. Ann. Sci. Nat. 
Bot., VI, vil, 173-179, with plate. 

Diclytra, Dielytra, Dicentra; Sporting Trillium grandiflorum. Bull. Torr. Bot. 
Club, v1, 277-278. 


1879. 


Gerardia tenuifolia, Vahl, var. asperula. Bot. Gaz., rv, 153. 

Bentham on Nomenciature. Same, Iv, 158-161. 

Notes upon “ Notes of a Botanical Excursion into North Carolina” (by J. H. 
Redfield). Bull. Torr. Bot. Club, v1, 331-338. 

Epipactis Helleborine, var. viridens (Z#. viridiflora, Reichenbach), a North 
American plant. Bot. Gaz., Iv, 206. 

Roots and “ Yarbs.”—In the Mountains of North Carolina. Am. Agriculturist, 
Sept., p. 337-338. 

Botanical Contributions.—1. Characters of some new Species of Composit in 
the Mexican Collection made by C. C. Parry and Edward Palmer, chiefly in the 
Province of San Louis Potosi, in 1878.—2. Some New North American Genera, 
Species, ete. Proc. Am. Acad., xv, 25-52. ; 

Pertinacity and predominance of Weeds. Am. Journ. Sci., III, xvi, 161-167. 

On the Self-fertilization of Plants. Bot. Gaz., tv, 182-187. 

Who finds White Partridge-berries? Bot. Gaz., Iv, 190. 

Duplicate Corolla of Campanula. Bot. Gaz., rv, 207. 

Scutia ferrea and Reynosia latifolia. Bot. Gaz., Iv, 208. 
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Nomenclature in Atlantic U. S. Polypetale. Bot. Gaz., Iv, 210. 

The beheading of flies by Mentzelia ornata; The Dichogamy of Spigelia Mari- 
landica; The most arctic timber; ‘Carnivorous Plants.” Bot. Gaz., 1v, 213-215. 

The Gymnospermy of Conifers. Bot. Gaz., 1v, 222-224. 

Vaccinium macrocarpon, var. intermedium; Common and Troublesome Weeds 
near Santa Barbara, Cal. Bot. Gaz., Iv, 226. 

On the Genus Garberia. Proc. Acad. Philad., 1879, 379-380. 


1880. 


The Flora of Boston and its vicinity, and the changes it has undergone. Win- 
sor’s Memorial History of Boston, 1, 17-22 (with autograph). 

Tennessee Plants. Bot. Gaz., v, 3. 

Littorella and Schizza in Nova Scotia. Bot. Gaz., v, 4. [Gard. Chron., xm, 4.] 

Note on trapping of moths or butterflies by certain plants. Am. Nat., xrv, 50. 

Natural Science and Religion: Two Lectures delivered to the Theological School 
of Yale College. New York, 1880. 12°, pp. 111. 

The Genus Leavenworthia; Automatic Movement of the Frond of Asplenium 
Trichomanes. Bot. Gaz., v, 25-27. 

Flora of Kerguelen’s Land. Bot. Gaz., v, 39. 

Notule exiguze. Bot. Gaz., v, 53. 63, 75, 87, 88. 

On a point of botanical nomenclature. Trimen’s Journ. Bot., xvi, 186 (from 
Am. J. Sci., III, xix, 420). 

Meanwhile, what should be done and how? Independent, xxxu, No. 1652, p. 1. 

Action of Light on Vegetation. Am. J. Sci., III, xx, 74-76. ° 

Contributions to North American Botany.—1l. Notes on some Composite.—2. 
Some Species of Asclepias.—3. A New Genus of Gentianacezee.—4, Miscellaneze 
of the North American Flora. Proc. Am. Acad., Xv1, 78-108. 

Mesembrianthemum, not Mesembryanthemum. Trimen’s Journ. Bot., Xv, 243 
(from Bot. Gaz., Vv, 89). 

Botany of the Black Hills of Dakota. Report on the Geology and Resources 
of the Black Hills of Dakota, by H. Newton, EK. M., and W. P. Jenney, E. M. 
[U. S. G. G. Survey R. M. R.], pp. 529-537. 


1881. 


The Vegetation of the Rocky Mountain Region and a Comparison with that of 
other Parts of the World. By A. Gray and J. D. Hooker. Bull. U. S. Geol. and 
Geogr. Survey of the Territories, v1, 1-77. 

A Chinese puzzle by Linnzus. Trimen’s Journ. of Bot., x1x, 325, 326. 

Review of the North American climbing species of Clematis, with compound 
leaves and thick or thickish erect sepals. Curtis’s Botanical Magazine, cvu, 
under plate 6594. 


1882. 


Chrysogonum Virginianum, var, dentatum. Bot. Gaz., vil, 31-32. 

Githopsis. Bot. Gaz., vi, 40. , 

Plucheas. Bot. Gaz., vil, 45. 

Ranunculus. Bot. Gaz., vit, 47. 

The Relation of Insects to Flowers. The Contemporary Review, XLI, 598-609. 

[Eclectic Magazine, xxxv, 732-739.] 

The citation of botanical authorities. Trimen’s Journ. Bot., xx, 173-174. 

Contributions to North American Botany.—1. Studies of Aster and Solidago in \ 
the Older Herbaria.—2. Novitiz Arizonice, etc.; Characters of the New Plants of 
certain Recent Collections, mainly in Arizona and adjacent Districts, ete. Proc. 

Am. Acad., XviI, 163-230. 

Parishella Californica. Bot. Gaz., Vil, 94-95. 

Evolution versus Evangelical Religion. Boston Evening Transcript, Sept. 13th, 

1882, 

Note on the Musaratic Chapel of the Cathedral of Toledo. Nation, No. 884, 
p. 482. 

Mimulus dentatus, Nutt.; Linnza borealis. Bot. Gaz., vil, 112. 
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Remarks concerning the Flora of North America. Am. Journ. Sci., IIIf, xxiv, . 
321-331, [Reprinted in part in Bot. Gaz., vi, 129-135, 139-143. ] 

Note on the Lignified Snake. Bull. Torr. Bot. Club, rx, 152. 

Synopsis of species of Nama. Godman & Salvin, Biologia Centrali- Americana; 
Botany, 11, 360-365. 


1883. 


The Lignified Snake from Brazil. Am. J. Sci., II, xxv, 79-81. [Bot. Gaz. 
(in part), vill, 153-154.] 

Natural Selection and Natural Theology. Nature, xxvul, 291-292, 527~528; 
Xxvill, 79. 

Reports as Director of the Herbarium of Harvard University. Annual Reports 
of the President and Treasurer, 1882-83, p. 114-116; 1883-84, p. 136; 1884-85, 
p. 142-143; 1885-86, ‘p. 118-119; 1886-87, p. 123. 

Gonolobus Shortii. Bot. Gaz., vii, 191. 

Hibiscus Moscheutos and H. roseus; Stipules in Saxifragaceze; Vincetoxicum. 
Bot. Gaz., Vill, 244, 245. 

Condurango. Bot. Gaz., vil, 260. 

Lonicera grata. Bull. Torr. Bot. Club, x, 94-95; x1, 76. 

Rhododendron (Azalea) Vaseyi. Bot. Gaz., viu, 282. 

Aquilegia longissima. Bot. Gaz., vill, 295. 

Contributions to North American Botany.—1l. Characters of New Composite, 
with Revisions of certain Genera, and Critical Notes.—2. Miscellaneous Genera 
and Species. Proc. Am. Acad., xIx, 1-96. 

Letter on publication of a letter by Dr. Torrey, etc. Bot. Gaz., vim, 317. 


1884. 


Antirrhina prehensilia. Bot. Gaz., Ix, 53--54. 

Lonicera grata. Bull. Torr. Bot. Club, x1, 76. 

A Revision of the North American species of the Genus Oxytropis, DC. Proc. 
Am, Acad., xx, 1-7. 

Notes on the Movements of the Androecium in sunflowers. Proc. Acad. 
Philad., 1884, 287-288. 

Synoptical Flora of North America. Vol. 1.—Part II. Caprifoliacea—Com- 
posite. New York, July, 1884. Roy. 8°, pp. 474.—Second Edition [with Sup- 
plement, etc., in connection with vol. 1, Part I]. New York, January, 1886. 
Roy. 8°, pp. 480. Reissued, with corrections, April, 1888, as Smithsonian Mis- 
cellaneous Collections, vol. xxxv. 

Notes on some North American Species of Saxifraga. Proc. Am. Acad., xx, 
8-12. 

Veatchia, nov. Gen. Anacardiacearum. Bull. Calif. Acad., 1, 4~5. 

Gender of Names of Varieties. Am. J. Sci., III, xxvul, 396-398. 

Breweria minima. Bot. Gaz., rx, 148. 

Hypopitys or Hypopithys? Am. J. Sci., III, xxvu1, 238-239. 

Characteristics of the North American Flora: an address to the botanists of the 
Brit. Assoc. for the Adv. Sc. at Montreal. Am. J. Sci., III, xxvii, 323-340; Rep, 
Brit. Assoc., 1885. 

The name Trilisa, Am, J. Sci., III, xxvii, 402. 


1885. 


The Scientific Principies of Agriculture. Science, v, 76. 

Notes upon the Plants collected on the Commander Islands (Bering and Copper 
Islands) by Leonard Stejneger. Proc. U. S. Nat. Museum, vil, 527-529. 

Pine needles. Bull. Torr. Bot. Club, x11, 102. 

Contributions to the Botany of North America.—l. A Revision of some Bor- 
ragineous Genera.—2. Notes on some American Species of Utricularia —3. New 
Genera of Arizona, California, and their Mexican Borders, and two additional 
of Asclepiadaceze.—4. Gamopetale Miscellanez. Proc. Am. Acad., xx, 
257-310. 
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* The Monterey Pine and Cypress. Science, v, 433-434. 
How to reach the Grand Cafion. Science, v, 516-517. 
Circular Letter to American Botanists. Published separately, Nov. 19, 1885. 
Report of the International Polar Expedition to Point Barrow, Alaska. [By 
Lieut. P. H. Ray.] (Plants. By Asa Gray. pp. 191-192.) 


1886. 


Notes on Myosurus. Bull. Torr. Bot. Club, xm, 1-4. 

Anemone nudicaulis. Bot. Gaz., XI, 17. 

Anemonella thalictroides, Spach. Bot. Gaz., x1, 39. 

Contributions to American Botany.—l. A Revision of the North American 
Ranunculi.—2. Sertum Chihuahuense.—3. Miscellanea. Proc. Am. Acad., XXI. 
363-413. 

The Genus Asimina. Bot. Gaz., x1, 161-164. 

Tiarella cordifolia. Bull. Torr. Bot. Club, xm, 100-101. 

Vancouveria. Bot. Gaz., x1, 182-183. 

Corydalis aurea and its allies; The Arillus in Asimina. Bot. Gaz., x1, 188-190. 

Essay towards a revision of Dodecatheon. Bot. Gaz., x1, 231-234. 

Letter to the Botanical Club of the A. A. A.S. Bot. Gaz., x1, 245-246. 

Memoranda of a revision of the North American Violets. Bot. Gaz., x1, 253- 
256, 289-293. 

Ambrosia bidentata x trifida. Bot. Gaz., x1, 338. 

Note on Shortia. Am. J. Sci., III, xxx, 473. [Note to Prof. Sargent’s article 
on Journey of André Michaux. ] 


1887. 


The Genus Iris. Bot. Gaz., x11, 16-17. 

Delphinium, an attempt to distinguish the North American Species. Bot. Gaz., 
xu, 49-54. 

Contributions to American Botany.—1. Revision of some Polypetalous Genera 
and Orders precursory to the Flora of North America.—2. Sertum Chihuahuense ; 
appendix.—3. Miscellanea. Proc. Amer. Acad., xxii, 270-314. 

Capitalization of Botanical Names. Amer. Florist, ii, 294 

List of Plants collected by Dr. Edward Palmer in the State of Jalisco, Mexico, 
in 1886 [Gamopetale by Dr. Asa Gray]. Proc. Am. Acad., xxu1, 416-446. 

The Elements of Botany for Beginners and for Schools (based upon First Les- 
sons in Botany). New York, 1887. 8vo, pp. 226. : 

Coptis, section Chrysocoptis. Bot. Gaz., xm, 296-297. 

Annotations. [Nelumbo lutea and Nemacaulis.] Bull. Torr. Bot. Club, x1v, 
228-229. 

Botanical Nomenclature. Britten’s Journal of Botany, xxv, 353-355. 


1888. 


New or Rare Plants. Bot. Gaz., x1, 73. 
Contributions to American Botany.—Notes upon some Polypetalous Genera 
and Orders. Proc. Amer, Acad., XXIII, 223-227, 


II. Botranitcat Notices AND BooK-REVIEWS. 


1841. 


Botanical Notices. W. Griffith, Report on Tea Plant of Upper Assam; M. 
Guillemin, Report on Expedition to Brazil to obtain information on culture of the 
Tea-plant; Meyen, Report on Progress of Vegetable Philosophy for 1837; Hook- 
er’s Journal of Botany; Hooker’s Flora Boreali-Americana; Endlicher’s Genera 
Plantarum; Moquin-Tandon, Enumeratio Chenopodearum; Steudel’s Nomenclator 
Botanicus; Kunze, Caricography; J. E. Bowman, Fossil Infusoria in England. 
Am. J. Sci., xL, 165-176. 
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Botanical Notices. Horsefield, Bennett and Brown, Plants Javanice Rariores; 
Hooker’s Icones Plantarum, part 7; Linnzea, vol. x1, nos. 4, 5,6; Wikstrém, on 
the Progress of Botany. Am. J. Sci., XL, 391-393. ; 

Botanical Notices. William Darlington, Discourse on Graminez ; Teschemacher, 
Address to Boston Natural History Society, May. 1841; A. de St. Hilaire, Legons 
de Botanique; Endlicher, Genera Plantarum; EK. T. Steudel, Nomenclator Botani- 
cus; Kunze, Supplemente der Riedgréser (Carices) zu Schkuhr’s Monographie; 
Hooker and Arnott’s Botany of Capt. Beechey’s Voyage; A. Moquin-Tandon, Elé- 
mens de Tératologie Végétale; John Darby, Manual of Botany, adapted to the 
productions of the Southern States. Am. J. Sci.. XLI, 365-376. 

Botanical Notices. Endlicher, Enchiridion Botanicum exhibens Classes et 
Ordines Plantarum; Lindley, Flora Medica and Elements of Botany; Laura 
Johnson and A. Katon, Botanical Teacher for North America; Hooker's Journal 
of Botany; Schomburgk, on the Urari or Arrow-poison of the Indians of Guiana; 
Archiv fiir Naturgeshichte; J. F. W. Johnston, Lectures on the Applications of 
Chemistry and Geology to Agriculture. Am. J. Sci., XLu, 182-191. 

Botanical Notices. H. E. Richter, Caroli Linnei Systema, Genera, Species 
Plantarum uno volumine; H. W. Buek, Genera, Species, et Synonyma Candolleana ; 
Kuuth, Enumeratio Plantarum, vol. u1; Loudon’s Arboretum et Fruticetum 
Britannicum abridged; Steudel’s Nomenclator Botanicus, 2d ed.; Torrey & Gray’s 
Flora of North America, vol. 1, part 2; Nuttall’s edition of Michaux’s Sylva 
Americana. Am. J. Sci., XLII, 375-377. 


1842. 


Botanical Notices. New edition of Michaux’s North American Sylva; Loudon’s 
Encyclopedia of Trees and Shrubs; Ledebour, Flora Rossica; London Journal of 
Botany; Kunze, Supplemente der Riedgraser (Carices) zu Chr. Schkuhr’s Mono- 
graphie. ete. Am. J. Sci., XLII, 188-189. 

Botanical Notices. Ward, On the Growth of*Plants in closely glazed cases; 
Hooker's London Journal of Botany. Am. J. Sci., XLII, 383-386. 

Botanical Notices. Nuttall, The North American Sylva: Choisy, de Convolvu- 
laceis dissertatio tertia complectens Cuscutarum, etc.; Spring, Monographie de la 
Famille des Lycopodiacées; KEndlicher, Mantissa Botanica; Hooker's British Flora. 
Am. J. Sci., XLIv, 194-199. 


1843. 


Botanical Notices. Hooker’s Icones Plantarum, vol. 1, new series; Tuckerman, 
Enumeratio methodica Caricum quarundam; Flora Brasiliensis, fase, 1. Am. J. 
Sci., XLV, 214-218. 

Botanical Notices. Notice of Botanical Collections; Brand, Iodine in Phanero- 
gamic Plants and Mosses; Wiegmdun and Polsdorff, Disengagement of Carbonic 
Acid by the Roots of Plants. Am. J. Sei:, XLV. 225-227. 

Botanical Notices. Wm. Darlington, Reliquize Baldwiniane; A. de Jussieu, 
Cours élémentaire de Botanique; F. Unger, Grundzuge der. Botanik; G. W. Bisch- 
off, Lehrbuch der Botanik; G. Fresenius, Grundriss der Botanik; Buek’s Index 
generalis et specialis ad A. P. DeCandolie Prodromum Syst. Nat. Reg. Veg., ete. ; 
Ledebour’s Flora Rossica; C. C. Babington, Manual of British Botany; Kunze’s 
Supplemente der Reidgraser (Carices) zur Schkuhr’s Monographie; Botanische 
Zeitung. Am. J. Sci., XLv1, 192-208. 


1844. 


Botanical Notices. DeCandolle, Prodromus, vol. vii: G. G. Walpers, Reper- 
torium Botanices Systematic; C. S. Kunth, Enumeratio Plartarum, ete.; End- 
licher, Mantissa Botanica; R. B. Hinds and G. Bentham, Botany of H. M. S. 
Sulphur in 1836-42; H. B. Fielding and G. Gardiner, Sertum Plantarum, etc.; 
A. de Jussieu, Cours Elémentaire de Botanique; H. F. Link, Jahresbericht fiir 
Physiologische Botanik, 1841, and Anatomia Plantarum Iconibus Illustrata. Am. 
J. Sci, 198-205. 
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Botanical Notices. J. D. Hooker, Botany of the Antarctic Voyage of H. M. 
Ships Erebus and Terror in 1839-43, and Species Filicum, parts 1 and 2; E. C. 
Maout, -Lecons Elémentaires de Botanique; Martius, Systema Materize Medice 
Veg. Brasiliensis. Am. J. Sci., XLVIII, 204-208. 


1845. 


Botanical Notices. A. Lasegue, Musée Botanique de M. B. Delessert; De- 
Candolle’s Prodromus, vol. 1x, and Théorie elementaire de la Botanique. Am. J. 
Sci., xLrx, 171-176, 


1846. 


Review of ‘‘ Explanations; a sequel to the Vestiges of the Natural History of 
Creation.” N. A. Review, April, 1846, 465-506. 4 

Botanical Notices. Vegetable Physiology; Unger, Distribution of the Vestiges 
of Palms in the Geological Formations; Analogy between the Flora of Japan and 
that of the United States; Unger, Conspectus of the Fossil Flora. Am. J. Sci. 
IT, 11, 133-136 

Botanical Notices. D. J. Browne, The Trees of America; A. Henfrey, Outlines 
of Structural and Physiological Botany; Delessert, Icones Selectz Plantarum, ete. 
Am. J. Sci., II, 442-445, 


1847. 


Botanical Notices. F. E. L. Fischer et ©. A. Meyer, Sertum Petropolitanum, 
etc.; Flora Brasiliensis, fase. 6; Trautvetter, Plantarum Imagines et Descriptiones 
Floram Russicam Illustrantes; Hooker, Species Filicum; S. Moricand, Plantes 
Nouvelles ou Rares d’Ameriqye, fasc. 1-8; Ledebour, Flora Rossica, fase. 7. 
Am. J. Sci, I], m1, 146-148. 

Botanical Notices. L. Agassiz, Nomenclator Zoologicus; Ruprecht, 3 papers 
in Beitrage zur Pflanzenkunde des Russischen Reiches; G. B. Emerson, Report 
on Trees and Shrubs of Massachusetts; Bot. Magazine for 1847. Am. J. Sei., 


II, m, 302-310. 


1848. 


Botanical Notices. DeCandolle’s Prodromus; Trans. Linn. Soc., xx, Botanical 
Papers by J. D. Hooker, Falconer, ete.; EK. Tuckerman, Synopsis of Lichenes of 
New England; A. Young, A Flora of Maine; Ledebour, Flora Rossica, fase. 8; 
Hooker’s London Journal of Botany, no. 73. Am. J. Scei., II, v, 449-459. 


1849. 


Botanical Notices. A. DeCandolle, Prodromus. Am. J. Sci., II, vu, 309-311. 

Botanical Notices. Fendler’s Botanical Collections in New Mexico; Hooker's 
Journal of Botany, papers in nos. 1, 2, 3; W. Griffith, Posthumous Papers, Am. 
J. Sci., IT, vit, 452-454. 

Notice of Dr. Hooker’s Flora Antarctica. Am. J. Sci., II, vi, 161-180. 

Botanical Notices. DeCandolle’s Prodromus Reg. Veg., vol. xiii; T. G. Lea, 
Catalogue of Plants near Cincinnati collected in 1834-1844; A. de Jussieu, Ele- 
ments of Botany, transl. by J. H. Wilson; J. H. Balfour, Manual of Botany. Am. 
J. Sei., II, vim, 300-303. 


1850. 


Memorials of John Bartram and Humphrey Marshall, with notes of their Botani- 
cal Contemporaries, by Wm. Darlington. LL.D. Am. J. Sci., IT, rx, 85-105. 

Botanical Notices. Endlicher, Genera Plantarum, part 2, and Synopsis Coni- 
ferarum. Am. J. Sci, II, 1x, 148-149. 
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1852. 


Botanical Notices. [In the form of a letter to one of the Editors.] DeCan- 
dolle’s Prodromus; Kunth, Enumeratio Plantarum, vol. v; Fenzl and Endlicher, 
Genera Plantarum; Unger. Die Urwelt in ihren Verschiedenen Bildungsperiod; 
Martius, on Palms; von Esenbeck and Spinner, Genera Florze Germanice Iconibus 
Illustrata; changes in Professorships in German Universities; Fries, Summa 
Vegetabil. Scandinavize and Monograph of Hieracium; Ledebour, Flora Rossica ; 
Webb, Phytographia Canariensis; Weddell, Monograph of Cinchona, and Balano- 
phorece vs. Rafflesiaceze; M. Decaisne at Jardin des Plantes; Botany of the Voyage 
of the Bonité and the Astrolabe and Zelée; Botanists at the Jardin des Plantes; 
M. C. Gay, Historia Fisica et Politica de Chile; Richard, Botany in de la Sagra’s 
Histoire Physique, etc.. of Cuba; Boissier, Diagnoses Plantarum Orientalium ; 
work of Choisy, Duby, Godet, Shuttleworth, Lehmann, Blume, DeVriese, Dozy, 
Molkenboer, Hooker, Babington; W. Hooker, Species Filicum, Icones Plantarum 
and Victoria Regia; J. D. Hooker, Rhodendrons of Sikkim Himalaya, Flora 
Indica, Novee-Zealandiz, Tasmaniz; Bertham, Niger Flora; Webb, Spicilegia 
Gorgonica; Trans. Linn. Soc. of London, xx, part 3, Botanical papers; Crypto- 
gamic Botany, works by Kunze, Gottsche, Lindenberg and von Esenbeck, Miiller, 
Giimbel, Schimper, Kiitzing, Agardh; Harvey, Phycologia Britannica, Manual of 
British Algw, ete; Scheerer’s work on Lichens. Am. J. Sci., IT, xm, 42-53. 

Botanical Notices. Kunze, Supplemente der Riedgriser (Carices) zu Chr. 
Schkuhr’s Monographie, etc.; Pritzel, Thesaurus Literaturze Botanic; Flora 
Brasiliensis, fase. 10. Am. J. Sci., IT, xm, 424-425. 

Nereis Boreali-Americana; or Contributions to a History of the Marine Alge 
of North America, by Wm. Henry Harvey, M.D. Am. J. Sci., IT, x1v, 1-8. 

Botanical Notices. Junghuhn and DeVriese, The Camphor-Tree of Sumatra; 
W. Hooker, Chinese Rice-Paper Plant; H. W. Ravenel, Fungi Caroliniani Exsic- 
cati; Antonio Bertoloni, Miscellanea Botanica, parts 1-10; A, Henfrey, Vegetation 
of Europe. Am. J. Sci., II, xiv, 113-116. 

Botanical Notices. DeCandolle’s Prodromus, vol. x1. Am. J. Sci., II, x1v, 
291. 

Botanical Notices. J. D. Hooker, Botany of the Antarctic Voyage, u, Flora of 
New Zealand; Seemann, Botany of the Voyage of the Herald. Am. J. Sci., II, 
XIV, 427, 428. 


1853. 


Botanical Notices. J. G. Agardh, Species, Genera et Ordines Algarum, vol. 1; 
L. R. Tulasne, Monographia Podostemacearum; Seemann, Botany of the Voyage 
of the Herald, part 2; Walpers, Ann. Bot. Syst., tom. u. Am. J. Sci., II, xv, 
131-133. 

Botanical Notices. Mohl, Grundziige der Anatomie and Physiologie der Vege- 
tabilischen Zelle; Schacht, Die Pflanzenzelle; Lindley, Folia Orchidacea. Am. J. 
Sci., II, xv, 279-280. 

Botanical Notices. Wm. Darlington, Flora Cestrica; H. W. Ravenel, Fungi 
Caroliniani Exsiccati: Lindley’s Folia Orchidacea, parts 2-4; Mohl, Cellulose in 
Vegetable Membranes; Hoffmann, Circulation of Sap; Criiger, obs. on certain 
Monocotyledonz Epigynzee; W. Hofmeister, on Development of Zostera; Wichura, 
Winding of Leaves; Horsfield, Plantze Javanicze Rariores; Hooker, Species 
Filicum, part 6; N. B. Ward, Growth of Plants in tight cases. Am. J. Sci., II, 
XVI, 129-133. 

Botanical Notices. Harvey, Nereis Boreali-Americana; J. Torrey, Plante Fre- 
montianze, on Darlingtonia Californica, on Batis maritima of Linneeus; A. Gray, 
Plante Wrightiane Texano-Neo-Mexicane, part 2; J. Leidy, Fauna and Flora 
within living animals; M. J. Berkeley and M. A. Curtis, Exotic Fungi from the 
Schweinitzian Herbarium. Am. J. Sci, II, xvi, 422-426. 


1854. 
Botanical Notices, Salad for the Solitary, by an Epicure; Lindley, The Vege- 
table Kingdom; DeCandolle’s Prodromus. Am. J. Sci., II, xvi, 132-133. 
_ Introductory Essay, in Dr. Hooker’s Flora of New Zealand, vol. 1 Am. J. 
Sci., Il, 241-252, 334-350. 
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Botanical Notices. E. G. Steudel, Synopsis Plantarum Glumacearum, fase. 1; 
Lindley’s Folia Orchidacea, part 5; A. de Jussieu, Letters of Linnzeus to B. de 
Jussieu. Am. J. Sci., II, xvit, 443-444. 

Botanical Notices. J. W. Griffith and A. Henfrey, Micrographie Dictionary ; 
B. Seemann, Botany of the Voyage of the Herald; Dr. Hooker’s Flora of New 
Zealand, part 5; A. Gray, Botany of Wilkes’ Exped., Phanerogamia. Am. J. 
Scei., IT, xvi, 131-133. 

Botanical Notices. Hooker’s Icones Plantarum, vol. x; J. D. Hooker’s Flora 

i of New Zealand, part 6; von Esenbeck et al., Genera Plantarum Flore Ger- 
manice, etc., Flore Danicze Supplementi fasciculus I; Griffith and Henfrey, Mi- 
crographic Dictionary, part 2; Linnza, vol. xxv1; Bot. Zeitung and Bonplandia; 
Annales des Sciences Naturelles, etc., vol. xx, Botanical papers, Am. J. Sci., IT, 
XVI, 284-286. 

Botanical Notices. J. F. Allen, Victoria Regia; Miquel, DeVriese et al., Plants 
Junghuhniane, fase. 3; Steudel, Synopsis Plantarum Glumacearum, fase. 3; 
Seemann’s Botany of the Voyage of the Herald, part 5; DeVriese, Pandanee. 
Am. J. Sei., II, xvi, 428-429. 


1855. 

Botanical Notices. Flora Brasiliensis, fasc. 12; Boussingault on non-assimi- 
lation of Nitrogen by Plants; M. Personne on Lupulin; Hofmeister, The Fertiliza- 
tion of Ferns; Payer. Traité d’Organogénie Végétale Comparée, livr. 1-4; Griffith 
and Henfrey, Micrographic Dictionary, parts 3-5. Am. J. Sci., II, xrx, 128-130. 

Botanical Notices. Hooker’s Flora of New Zealand, parts 7 and 8; See- 
mann’s Botany of the Voyage of the Herald. part 6; Tulasne, on the Ure- 
dinez and Ustilagineze; I. A, Lapham, Grasses of Wisconsin; H. G. Reichenbach, 
De vollnis Orchidearum Genesi ac Structura, etc.; Micrographic Dictionary on 
Ergot. Am. J. Sci., II, x1x, 439-443. 

Botanical Notices. M. J. Schleiden, Poetry of the Vegetable World; DeVriese 
and Harting, Monographie des Marattiacées ; Pritzel, Iconum Bot. Index Locuple- 
tissimus; J. Darby, Botany of the Southern States; Dunal et al., Wheat from 
AMgilops. Am. J. Sci., IT, xx, 129-135. 

3otanical Notices. Thuret, Sexual reproduction in the Lower Cryptezamia ; 
Trécul, Formations Secondaires dans les Cellules Végétales; Mohl on Chlorophyll; 
Miers, Seeds of Magnolia; Bertoloni, Miscellanea Botanica, fase. 13 and 14; 
Decaisne on the Wellingtonia of Lindley; Darwin, Does Sea-water kill Seeds? 
Am. J. Sci., II, xx, 276-284. 


1856. 


Botanical Notices. A. DeCandolle, Géographique Botanique Raisonné; J. D. 
Hooker and T. Thomson, Flora Indica Am. J. Sci., IT, xxi, 134-137. 

Botanical Notices, E. G. Steudel, Synopsis Plantarum Glumacearum, parts 1 
and 2; J. 1. Hooker, Flora of Tasmania; F. A. W. Miquel, Flora van Neder- 
landsch Indié; Griffith and Henfrey, Micrographic Dictionary; A. Braun, Algarum 
Unicellularium Genera Nova et minus Cognita. Am. J. Sci., 1], xx1, 282-284. 

Botanical Notices. Journ. Proc. Linn. Soc., vol. I, no. 1, 1856, Botanical Papers 
by C. J. F. Bunbury, C. F. Meisner, R. Kippist, and Zoological Papers: Schacht, 
Mohl et a!, on the Origin of the Embryo in Plants; Pringsheim, Reproduction in 
Algz; Flora Brasiliensis, fasc. 15. Am. J. Scei., xxu, 134-137. 

Botanical Notices. A. DeCandolle, Géographique Botanique raisonnée, etc.; 
Radlkofer, Origin of the Embryo in Plants; Bentham, Notes on Loganiacez; M. 
Neisler, The Flowers of the Pea-Nut; Flora Brasiliensis, fase. 16 and 17; L. R. 
Tulasne, Monographia Monimiacearum. Am. J. Sci., II, xxu1, 429-437. 


1857. 


Botanical Notices. DeCandolle’s Prodromus, xIv, part 1; W. A. Bromfield, 
Flora Vectensis, edited by W. J. Hooker and T. B. Salter; Seemann’s Botany of 
the Voyage of the Herald, parts 7 and 8; G. Engelmann, Synopsis of the Cacta- 
cee of the U.S. Am. J. Sci., I], xxu, 126-129, 
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Botanical Notices. A. Henfrey, Origin of the Embryo in Plants. Am. J. Sci., 
IT, 278-279. 

Botanical Notices. W.S. Sullivant et L. Lesquereux, Musgi Boreali-Americani, 
ete. Am. J. Scei., II, xxm1, 438-439. 

Botanical Notices. J. M. Berkeley, Introduction to Cryptogamic Botany; H. 
Hoffmann, Witterung und Wachsthum; C, Lehmann. Revisio Potentillarum Iconi- 
bus Illustrata; R. Caspary, Conspectus Systematicus Hydrillearum; Ad. Chatin, 
on Vallisneria spiralis, L. Am. J. Sci., I, xxiv, 151-155. 

Botanical Notices. Journ. of Proc. Linn. Soc., vol. 1, uo. 4, Botanical Papers by 
3erkeley, Currey, Bennett, Seemann, Masters, Lindley, Oliver; vol. 1, no. 5, con- 
taining Higgins, on the Cultivation of Mosses, Bentham, Synopsis of the Genus 
Clitoria, Hooker and Thomson, Priccursores ad Floram Indicam, G. Bentham, on 
the Principles of Generic Nomenclature; C. Mueller and Walpers, Synopsis 
Plantarum Phanerogamicarum, etc.; Bertoloni, Miscellanea Botanica, fasc. 15 
and 16; Harvey, Phycologia Australica; Niesler, Indigofera Caroliniana. Am. J. 
Sci. II, xxiv, 281-288. 

Botanical Notices. .A. Henfrey, an Elementary Course of Botany; Naudin’s 
tesearches on the Genus Cucurbita. Am. J. Sci., IT, xxiv, 434-443, 


1858. 


Botanical Notices. DeCandolle’s Prodromus, vol. xiv, part 2; Hooker’s Flora 
of Tasmania; Journ. Proc. Linn. Soc., no. 6, papers by Thomson, Hooker 
& Thomson; DeVriese, Plants Indiz Batavize Orientalis. Am. J. Sci., IJ, xxv, 
290-293. 

Botanical Notices. F. Boott, Illustrations of the Genus Carex; Journ. Proce. 
Linn. Soc., 11, no. 7, papers by Henslow, Gray, Wood, Moore, ete.; Lindley, List 
of Orchids from Cuba; Andersson, Salices Boreali-Americanze; Grisebach, Vege- 
tation der Karaiber; J. Wallman, Fssai d’une Exposition Systématique de la 
Famille des Characées; Parlatore’s Eulogy on F. B. Webb; Agricultural Botany 
in the Western States. Am. J. Sci., II, xxv1, 135-139. 

Botanical Notices. H. A. Weddell, Monographie de la Famille des Urticées; 
Miquel’s Flora van Nederlandsch Indié; Walpers, Ann. Bot. Syst., 2d fase. ; 
Pringsheim, Jahrbiicher, vol. 1. part 1, papers by Pringsheim and Hofmeister; 
Radikofer, Fecundation in the Vegetable Kingdom; Bowerbank, Natural History 
of the Spongiadze; Seemann’s Botany of the Voyage of the Herald, parts 9 and 
10; J. D. Hooker, Structure and Affinities of Balanophore:e; Boussingault. Re- 
searches on the part of nitrogenous matters in vegetation, and nitrates in soils; J. 
Decaisne, Structure and Development of Flower and Fruit of Pear. Am. J. Sci., 
IT, xxv, 109-124. 

Botanical Notices. Journ. Proc. Linn. Soc.. no. 8. Botanical papers by Miiller, 
Hooker and Thomson, Barter, Fée, Bennett; Flora of Australia. Am. J. Sci.. II, 
XXVI, 283. 

Botanical Notices. Flora Brasiliensis, fase. 18-20; Journ. Proc. Linn. Soe., no 9, 
Jameson on Pseudocentrum; E. Tuckerman, Lichenes Americe Septeutrionalis 
Exsiccati, fase. 5 and 6; Nylander, Synopsis Methodica Lichenum, etc., fase. 1; 
Miers, Illustrations of S. American Plants, vol. 11; Bentham, Handbook of’ the 
British Flora. Am. J. Sci., Il, xxvi, 412-416. 


1859. 

Botanical Notices. W.H. Harvey, Nereis Boreali-Americana. Am. J. Sci., II, 
XXVII, 142-146. 

Botanical Notices. Wm. Darlington, American Weeds and Useiul Plants; 
Journ. Proc. Linn. Soc, no. 10, papers by Bentham on Legnotideze, Spruce on 
Asteranthos, Miller on Eucalypti of Australia, Berkeley on Tuberiform Vegetable 
Productions from China, Grisebach on Abuta, Dickie on Arctic Plants; No. 11 of 
do., papers by Miller, Bentham and Henfrey; Walpers, Ann. Bot. Syst., vol. Iv; 
E. Rege], on Parthenogenesis; [. Vilmorin, Notices sur I’ Amelioration des Plantes 
par le Semis, ete. Am. J. Sci., II, xxvu, 437-442. 

Botanical Notices. Von Martius, Eulogy on Robert Brown; F. Mueller, Frag- 
menta, Phytographiz Australis, vol. 1, fase. 1-4; Journ. Proc. Linn. Soc., Nov. 
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12th, papers by Henfrey, Ralph, Oliver, Spruce, Mitten; R. B. Van der Bosch, 
Synopsis Hymenophy!lacearum; Parry, Torrey and Enge!mann, Botany of the 
Mexican Boundary; Catalogue of Phzenogamous and Cryptogamous Plants in 
Gray’s Manual. Am. J. Sci., II, xxvii, 290-293. 

Botanical Notices. G. Engelmann, New Genera of Dicecious Grasses of U. S.; 
W. H. Harvey, Thesaurus Capensis, vol. 1; Grisebach’s Outlines of Systematic 
Botany; Henfrey, Structure and Growth of Rootlets; E. Davy, on the taking of 
arsenic by plants. Am. J. Sci., II, xxvii, 439-444, 


1860. 


Botanical Notices. C. Wright, Collections of Cuban Plants; G. Engelmann, the 
Genus Cuscuta; J. G. Cooper. Distribution of the Forests and Trees of N. America. 
Am. J. Sci., IT, xxrx, 127-129. 

Review of Darwin’s Theory on the Origin of Species by means of Natural Selec- 
tion. Am. J. Sci., Il, xxix, 153-184. [The Origin of Species by means of Nat- 
ural Selection. Darwiniana, pp. 9-61.] 

Botanical Notices. C. J. Maximowicz, Primitiz Flore Amurensis; Harvey’s 
Thesaurus Capensis, no. 2; Hooker’s Species Filicum. vol. 1, part 1; Journ. 
Proc. Linn. Soc., no. 14, Botanical Papers by Andersson and Spruce; No. 15 of 
do., papers by Cocks, Hooker and Thomson: No. 16 of do., papers by Babington, 
Caruel, Oliver, Spruce. Moore and Hogg; Flora Brasiliensis, fase. 18, 23, and 
24; J. D. Hooker’s Flora Tasmania; Ogston, Poisoning of Plants by arsenic. 
Am. J. Sci., IT, xx1x, 436-441. 

A free examination of Darwin’s Treatise on the Origin of Species. Atlantic 
Monthly, July, Aug., Oct.. 1860. Reprinted in 1861 as a separate pamphlet of 
55 pages. |Natural Selection not inconsistent with Natural Theology. Darwin- 
iana, pp. 87-177.] 

Botanical Notices. A.W. Chapman, Flora of the Southern United States; G. 
Bentham, Synopsis of Dalbergiew; G. Suckley and J. G. Cooper, Reports on 
Natural History, etc., of Minnesota, Nebraska, Washington and Oregon Territories. 
Am. J. Sci., Il, xxx, 137-139. 

Botanical Notices. M. A. Curtis, Geological and Natural History Survey of 
North Carolina; Thwaites, Enumeratio Plantarum Zeylanice, parts 1 and 2; 
Walpers, Ann. Bot. Syst.; Buek, Index ad DeCand. Prodromum, ete., part 3. 
Am. J. Sci., II, xxx, 275-276, 


1861. 


Botanical Notices. W.H. Harvey, Thesaurus Capensis, no. 4; W. H. Harvey 
and O. W. Sonder, Flora Capensis, vol. 1; A. H. R. Grisebach, Flora of the British 
West Indies, parts 1 and 2, and Plante Wrighiianz e Cuba Orientali; D. C. 
Eaton, Filices Wrightiane et Fendleriane; T. J. Hale, Additions to Flora of 
Wisconsin; J. S. Newberry, Catalogue of Flowering Plants and Ferns of Ohio; 
E. W. Hervey, Catalogue of Plants of New Bedford, Mass.; E. Tatnall, Catalogue 
of Phzenogamous and Filicoid Plants of Newcastle Co., Delaware; H. W. Ravenel, 
Fungi Caroliniani Exsiccati, fase. 1-5; A. Braun, Uber Polyembryonie und 
Keimung von Celebogyne; F. Boott, Illustrations of the Genus Carex. Am. J. 
Sci., II, xxx1, 128-132 

Botanical Notices. L. Lesquereux, Botanical and Palzontological Report on 
the Geol. State Survey of Arkansas. Am. J. Sci., IT, xxx1, 431-435. 

Botanical Notices. Journ. Proc. Linn. Soc., no. 18, papers by Bentham, 
Crocker, Hooker, Mitten, ete.; J. Phillips, Life on the Earth, its Origin and Suc- 
cession; C. R. Bree, Species not transmutable nor the Result of Secondary Causes. 
Am. J. Sci., If, xxx1, 443-449. 

Botanical Notices. G. Bentham, Flora Hongkongensis; Ann. Bot Soc. Canada, 
vol. 1, part 1, papers by Blackie and others; Journ. Proc. Linn. Soc., no. 19, 
papers by Mitten, Hooker and Thomson; A. Wood, Class-Book of Botany. Am. 
J. Sci., II, xxxu, 124-130. 

Botanical Notices. Flora Brasiliensis, fasc. 25-28; H. Karsten, Flore Colum- 
bize, etc., tom. 1, fase. 1; Journ. Proc. Linn. Soc., no. 20, papers by Hooker and 
Thomson, Welwitsch, Oliver, Bentham. Am. J. Sci., I], xxxu, 289-290. 
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1862. 


Botanical Notices. H. A. Weddell, Mémoire sur le Cynomorium coccineum, 
etc.; E. Regel, Monographia Betulacearum hucusque cognitarum; Miller, Ann. 
Bot. Syst., vols. Iv, Vand vi; F. A. W. Miquel, Journal de Botanique Neerland- 
aise; E. G, Squier, Tropical Fibres; A. Gray, Mexican Boundary Carices; Musci 
Cubenses Wrightiani, coll. 1856-1858; C. C. Parry, Rocky Mountain Flora; 
Aroideze by Dr. Schott; Journ. Proc. Linn. Soc., no. 21, Botanical Papers by 
Hooker, Masters, Col. Munro and others. Am. J. Sci., Il, xxx, 139~143. 

Botanical Notices. DeCandolle’s Prodromus, vol. xv, part 1; F. Boott, Mlus- 
trations of the Genus Carex; Thwaites, Enumeratio Plantarum Zeylanue. part 
3; Ann. Bot. Soc. Canada, part 3. Am. J. Sci., II, xxxmt, 430-432, 

Botanical Notices. ©. Darwin, on the Various Contrivances by which Orchids 
are fertilized; J. D. Hooker, Outlines of the Distribution of Arctic Plants, and on 
the Cedars of Lebanon, Taurus, Algeria and India; Weddell’s Chloris Andina, 
vol. u. Am. J. Scei., I, xxxiv, 138-151. 

Antherology; Review of Oliver’s ‘“‘ Note on the Structure of the Anther.” Am. 
Journ. Sci., II, xxx1v, 282-284. 

Botanical Notices. Oliver, on the Wood-cells of Hamamelidez; Journ. Proc. 
Linn. Soc., nos. 22, 23, papers by Munro, Bentham, C. Darwin, Lindley and 
Grisebach; Bentham’s Presidential Address to the Linnean Society, May, 1862; 
Botany of Northeastern Asia; C. DeCandolle, on the Production of Cork; Flora 
Brasiliensis, fase. 29 and 30; Grisebach, Flora of the British West Indian Islands, 
parts iv and v. Am. J. Sci., Il, xxxiv. 284-288. 

Botanical Notices. C. Darwin, Dimorphism in the Genitalia of Flowers. Am. 
J. Sei., IL. xxxiv, 419-420; Seemann’s Journ. Bot., 1, 147-149 (with corrections). 


1863. 


Mémoires et Souvenirs de Augustin-Pyramus DeCandolle, Kcrits par luiméme et 
Publiées par Son Fils. Am. J. Sci., Il, xxxv, 1-16; Seemann’s Journ. Bot., 1, 
107-120 (abridged, with corrections by the author). 

Notice of Boussingault ‘‘On the Nature of the Gas produced from the Decom- 
position of Carbonic Acid by Leaves exposed to the Light.” Am. J. Sei., Il, xxxv, 
121-123. 

Botanical Notices. Bentham and Hooker’s Genera Plantarum, vol. I, pars 1; 
Hooker's Species Filicum, parts 13, 14. Am. J. Sci, II, xxxv, 134-136. 

Botanical Notices. A new character in the Fruit of Oaks, DeCandolle; Review 
of DeCandolle’s ‘Species, considered as to Variation, Geographical Distribution 
and Succession”; Harvey and Sonder’s Flora Capensis, vol. 11; l’Abbé Provan- 
cher’s Flore Canadienne; The Tendrils of the Virginia Creeper; Durand’s Vites 
Boreali-Americane ; Vegetable Productions of the Feejee Islands; Gray’s Manual. 
Am. J. Sci., II, xxxv, 430-449. 

Botanical Notices. Notice of Trans. St. Louis Acad., vol. 11, part 1; Hall and 
Harbour’s Rocky Mountain Plants; Paullinia sorbilis and its products; Aerial 
rootlets on the stems of Virginia Creeper (Ampelopsis quinquefolia); Flora Brasili- 
ensis, fase. 31, 32 (note); Dr. C. W. Short; Wm. Darlington. Am. J. Sci., I, 
XXXVI, 128-139. 

Botanical Notices. Dimorphism in the Flowers of Linum, Review of a paper 
by Darwin; Variation and Mimetic Analogy in Lepidoptera; Bentham and Miil- 
ler’s Flora Australiensis; Oliver's Notes on the Loranthaces, with a Synopsis 
of the Genera; Parthenogenesis in Plants. Am. J. Sci., II, xxxvi, 279-294. 

Botanical Notices. Origin of Varieties in Plants; Review of Mémoirs et Souve- 
nirs de Augustin Pyramus DeCandolle; Hooker on Welwitschia, a new genus of 
Gnetacezee; American Tea-Plant. Am. J. Sci., I], xxxvi, 432-439. 


1864. 


Botanical Notices. Annales Musei Botanici Lugduno-Batavi for 1863; Flora 
Brasiliensis, fase. 33-35; Agardh’s Species Genera et Ordines Algarum ; Harvey’s 
Phycologia Australica and Thesaurus Capensis, vol. 1, no. 1; Miiller’s, The Plants 
indigenous to the Colony of Victoria; Brunet’s Plantes de Michaux; Botany of 
N. W. America along the British Boundary; Ink-Plant (Coriaria thymifolia), 
Am. J. Sci., II, xxxvu, 281-288. 
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Botanical Notices. Prior’s Popular Names of British Plants; Saint Pierre’s 
Flore des Environs de Paris; Vilmorin-Andrieux’s Des Fleurs de Pleine Terre; 
Kindberg’s Monographie Generis Lepigonorum; Andersson’s Botany of the Gala- 
pagos Islands; Tuckerman’s Lichenes Insule Cube. Am. J. Sci., II, xxxvn, 
433-436. 

Botanical Notices. Olivier’s (Henslow’s) Lessons in Elementary Botany; 
Géthe’s Essay on the Metamorphosis of Plants; Milde’s Equisetaceez; Brown on 
Marsilia and Pilularia. Am. J. Sci., II, xxxvu, 124-127. 

Botanical Notices. DeCandolle’s Prodromus; Mitten’s Bryology of British 
N. W. America; Sullivant’s Icones Muscorum. Am. J. Sci., II, xxxvuim, 290-291. 


Botanical Notices. Sullivant’s Icones Muscorum. Am. J. Sci., II, xxxvin, 429. 


1865. 


Botanical Notices. Scott’s Functions and Structure of the Reproductive Organs 
in the Primulaceze; Mohl’s Observations upon Dimorphous Flowers; Naudin and 
Godron’s Essays on Hybrids: Grisebach’s Flora of the British West Indian 
Islands; Bentham’s Florula Australiensis. Am. J. Sci., IT, xxxrx, 101-110. 

Botanical Notices. DeCandolle’s Prodromus. vol. xvi, part 1; Hooker’s Hand- 
book of the New Zealand Flora, part 1; Flora Brasiliensis, fase. 36-38; Journ. 
Linn. Soe., no, 31, articles on Dimorphism and Trimorphism of Plants. Am. J. 
Sci.. II, xxxrx, 359-362. 

Botanical Notices. Thwaites’ Enumeratio Plantarum Zeylanize; Harvey and 
Sonder’s Flora Capeusis. vol. 11; Dr. Torrey, Ammobroma Sonorz; Harvey's 
Thesaurus Capensis; Annales Botanices Systematic, tom. v1; Child’s Production 
of Organisms in closed vessels. Am. J. Sei., I], xL, 125-127. 

Botanical Notices. Welwitschia mirabilis, Hook. fil.; Darwin’s Movements 
and Habits of Climbing Plants. *Am. J. Sci., II, xt, 273-282. 


1866. 


3otanical Notices. Darwin’s Movements and Habits of Climbing Plants; 
Paine’s Catalogue of Plants found in Oneida County [New York} and vicinity ; 
Bentham and Hooker’s Genera Plantarum. part 2. Am. J. Scei., I], xu, 125-132. 

Botanical Notices. Daubeny’s Essay on the Trees and Shrubs of the Ancients. 
Am. J. Scei., II, 268. 

Botanical Notices. Bentham’s Address on Natural History Transactions and 
Journals; Flora Brasiliensis, fase. 39, 40; Kichler on the Morphology of the 
Androecium in Fumariaceze; Seemann’s Flora Vitiensis; Botany of Australia; 
Miiller’s Analytical Drawings of Australian Mosses, fasc. 1; Miller’s Vegetation 
of the Chatham Islands; Bunge’s Revision of the genus Cousinia; Krok, Mono- 
graph of Valerianz; Musci Boreali-Americani, Sullivant and Lesquereux. Am. 
J. Sei., IT, 410-418. 

Botanical Notices. Boussingault’s Researches on the action of Foliage; Engel- 
mann’s Revision of the North American Species of Juncus; Lessingia germano- 
rum; Curtis’ Illustrations of the Esculent Fungi of the U.S ; The International 
Horticultural Exhibition. Am. J. Sci., If, xii, 126-132. 

Botanical Notices. Fournier on Cruciferze; Salisbury’s Genera of Plants: Gray’s 
Hand-book of British Water-weeds or Alew. Am. J. Sci., I]. xt, 277-281. 

Botanical Notices. DeCandolle’s Prodromus, vol. xv: E. Boissier, Icones 
Kuphorbiarum. Am. J. Sci, IT, 427. 


1867. 


Botanical Notices. The Miscellaneous Botanical Works of Robert Brown; J. 
Mueller on Nature of Anthers; Mémoire sur la Famille des Pepéracées by De- 
Candolle. Am. J. Sci., II, xi, 125-128. 

Botanical Notices. Salices Europe, Wimmer; Le Specie dei Cotoni descritte 
da Filippo Parlatore; Tree-labels for arboretum; Ozone produced by Plants, 
Daubeny’s article in Jouru. Chem, Soc. Am. J. Sci., I], xtm, 272-273. 
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Botanical Notices. Grisebach’s Catalogus Plantarum Cubensium; Flora Aus 
traliensis, vol. m1. Am. J. Sci., II, 409-410. 

Botanical Notices. EK. Boissier, Flora Orientalis; Catalogue des Végétaux 
Ligneux du Canada, by l’Abbeé Brunet: Rep. of Proceedings of the Interna- 
tional Horticultural Exhibition, 1866: Collections of Dried Plants of California. 
Am. J. Sci., II, 122-123. 

3otanical Notices. N..J. Andersson, Monographia Salicum; Flora Brasiliensis, 
fase. 42 and 43; DeCandolle. Lois de la Nomenclature; Miquel, Sur les Affinitiés 
de la Flora du Japan avec celles de |’Asie et de l’Amerique du Nord; Tall Trees 
in Australia; Report on destruction of Trees in Wisconsin, by I. A. Lapham 
and others; Annales Musci Botanici Lugduni Batavi, tom. fase. 4. Am. J. 
Sci., II, xiv, 420-425. 


1868. 


Review of Darwin’s Variation of Animals and Plants under Domestication. 
Nation, No. 142, pp. 234-236. 

Botanical Notices. Miocene Flora of the Polar Regions; Les Fieurs de Pleine 
Terre, 2°™e éd.; The Great Dragon Tree of Orotava. Teneriffe; Geol. and Nat. 
Hist. Survey of California, Part III, Botany; Bentham and Hooker’s Genera 
Plantarum; Boott’s Illustrations of the genus Carex. Am. J. Sci, II, Xv, 
269-272. 

Botanical Notices. F. A. G. Miquel, Prolusio Flora Japonice; Genera Planta- 
rum, vol. 1; Traité Général de Botanique descriptive et analytique, LeMaout and 
Decaisne; Gray’s Manual, fifth edition. Am. J. Sci., II, xtv, 403-409. 

Botanical Notices. The Book of Evergreens. by Josiah Hoopes; Botanical 
Works of Robert Brown; Journ, Linn. Soc., Botany, nes. 42 and 43; Thécrie de 
la Feuille, by C. DeCandolle. Am. J. Sci., Il, xivi1, 270-272. 

Botanical Notices. Flora Brasiliensis, DeCandolle’s Prodromus, ete. Am. J. 
Sei., IT, 408-409. 


1869. 


Botanical Notices. J. F. Watson’s Index to the Native and Scientific Names 
of Indian Plants, ete. Am. J. Sci., II, xivi, 143. 


1870. 


Botanical Notices. Botanical Notabilia. Bentham’s Presidential Address, 
[Areas of Preservation, Am. Naturalist, Iv, 44]; Robert Brown's Works; Master’s 
Vegetable Teratology; Memoir of Harvey; Genera of South African Plants; 
Flora Australiensis; Oliver’s Flora of Tropical Africa, and First Book of Indian 
Botany; Seemann’s Flora Vitiensis; Baker on the Geographical Distribution of 
Ferns; Hooker’s Icones Plantarum: Mitten’s Musci Austr-Americani in vol. XII 
Journ. Linn. Soe.; Andersson on Palms; Munro’s Monograph of Bambusa- 
cee; Appendix to French edition of Darwin’s Fertilization of Orchids; Baillon’s 
Adansonia and Traité du Development de la Fleur et du Fruit; Bureau’s Mono- 
graphie des Bignoniacées; DeCandolle’s Prodromus, vol. xv1; Flora Danica, 47th 
part; (Ersted on Classification of Oaks; Lange on the Pyrolewe and Monotropeze 
of Mexico and Central America; Bunge’s Monograph of the Astragali of the Old 
World; Ammobroma Sonor; Braun’s Monograph of Australian Isoetes; Pritzel’s 
Iconum Botanicarum Index Locupletissimus: Flora Brasiliensis, fase. 44-46; 
Rudolph’s Atlas des Pflanzengeographie; Pursh’s Journal of a Botanical Excur- 
sion in N. Y. in 1807. Am. J. Sci, IT, xLrx, 120-129. 

Botanical Notices. Johnson’s How Crops Feed; Flora Brasiliensis, fase. 48 ; 
Dickson on Development of Flower of Pinguicula; Geographical Handbook of 
Ferns by K. M. Lyell; Bulletin of Torrey Botanical Club, nos. 1 and 2; Notes 
relating to Vegetable Physiology, ete. Am. J. Sci., JT, XLIx, 403-410. 

Botanical Notices. ‘‘ Miscellaneous Botanical Notices and Observations.” De- 
Candolle’s Code of Botanical Nomenclature; Baillon’s Histoire des Plantes; 
Hincks on the Arrangement and Nomenclature of Ferns; Bennett on the Genus 
Hydrolea; Tampico Jalap; Prof. Babington’s Revision of the Flora of Iceland ; 
Dr, Ogle on Fertilization of Flowers by Insects; Brunet’s Eléments de Botanique ; 
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-Von Martius’ Herbarium; The Michaux Grove Oaks; Boeckeler on Scirpee ; 


Bunge’s Genesis Astragali Species Gerontogez pars altera; Flora Caucasi, by Ru- 
precht; Bentham’s Presidential Address; Hooker’s Student’s Flora of the British 
Islands; The ‘ American Entomologist.” Am. J. Sci., II, 1, 274-283. 

Botanical Notices. Prof. Lawson on Oxford Botanists; Hasskarl’s Monograph 
of Indian Commelynaceze; Revision of the Genera and Species of Herbaceous 
Capsular, Gamophyllous Liliaceze, by J. G. Baker; Clarke on Commelynacee of 
Bengal; Dickie’s Notes on Algz from North Atlantic Ocean; Absorption of Mois- 
ture by Leaves; Henfrey’s Elementary Course of Botany. Am. J. Sci., II, 1, 
425-429. 


1871. 


Botanical Notices. Hohenbiihel-Heufler on the- Linnean Hypothesis of the 
Derivation of Species; Lawson’s Monograph of Canadian Kanunculacee; (rsted 
on characters furnished by the styles in Cupuliferee and Juglandez, etc. Am. J. 
Sci., ITI, 1, 147-149. 

Botanical Notices. Rhododendreze Asiz Orientalis, by Maximowicz; Flora 
Australiensis, vol. v; Braun’s revision of Marsiliz and Pilularize. Am. J. Sci., 
III, 1, 222-223. 

Botanical Notices. Von Mohl on Sciadopitys verticillata; Austin’s Musci 
Appalachiani. Am. J. Sci., III. 1, 306-307, 

Botanical Notices. Flora Brasiliensis, fasc. 50; Prior’s Popular Names of 
British Plants, 2d ed.; Vilmorin-Andrieux, Les Fleurs de Pleine Terre, 3d ed.; 
Baker’s Synopsis of Known Lilies; Hiern on the Distribution of Batrachium 
Section of Ranunculus; E. 8S. Rand on the Rhododendron and American Plants. 
Am. J. Sci., III, 1, 475-476. 

Botanical Notices. Maximowicz on Diapensiacew; Lange on Form and Struc- 
ture of Seeds. Am. J. Sci., III, 11, 62-63. 

Botanical Notices. Bretschneider on Chinese Botany; Goeppert on Plants 
killed by Frost. Am. J. Sci., III, m, 221-222. 

Botanical Notices. Flora Brasiliensis, fase. 51-54; Baillon’s Histoire des 
Plants; Borodin on changes in position of grains of Chlorophyll under Sunlight; 
Dehérain on Evaporation of Water, ete. Am. J. Sci., III, 1, 460-465. 

Darwin’s Descent of Man. Examiner, vol. 1, 594-600. 


1872. 


Botanical Notices. Friderici Welwitschii Sertum Angolense; Hooker’s Icones 
Plantarum, III, part 1; Van Tieghem on the Structure of the Pistil in Primulacee, 
on the Anatomy of the Flower of Santalaceze, on Comparative Anatomy of Cyca- 
daceze, Conifer and Gnetacez, on the Mistletoe; Botany of Clarence King’s 
Survey; Oliver’s Flora of Tropical Africa, vol. 11: Heer, Flora Fossilis Arctica. 
Am. J. Sci., III, 58-64. 

Botanical Notices. Miers, Contributions to Botany; S. Watson, Botany of 
Clarence King’s Survey; Hall, Plants of Oregon; Saunders’ Refugium Botanicum ; 
Warming, Inflorescence or Fiower in Euphorbia. Am. J. Sci., III, m1, 147-152. 

Botanical Notices. Scheutz, Prodromus Monographie Georum; Baillon, His- 
toire des Plantes. Am. J. Sci., III, m1, 306-308, 

Botanical Notices. Bentham, Revision of the genus Cassia; Delpino, on the 
Fertilization of Conifer; J. Miiller, on the Cyathium of Euphorbia; Maximowicz, 
Action of Pollen on Fruit of Fertilized Plant; Grisebach, Die Vegetation der Erde 
nach ihrer Klimatischen Anordnung; correction to Note on Baptisia. Am. J. 
Sci.. III, 1, 376-381. 

Botanical Notices. Cailletet on Absorption of Water by Leaves; change of 
Habit of a Parasite; Peck’s report on Botany before Albany Institute; Cooke, 
Hand-book of British Fungi; News of Botanists; Journal of Botany; Fossil Flora 
of Great Britain; ‘‘The Garden.” Am. J. Sci., III, 11, 472-476. 

Botanical Notices. Mare Micheli, Recent Researches in Vegetable Physiology ; 
M. T. Masters, Botany for Beginners; C. F. Austin, Musci Appalachiani. Am. J. 
Sci., ITI, rv, 72-77. 
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Professor Babington on Anacharis. Am. Nat., VI, 297. 

Botanical Notices. Robert Brown’s first Botanical Paper; Prantl’s Memoir 
upon Inuline; Cooke and Peck, Erysiphei of the United States; Kan-Sun, a 
Chinese Vegetable; Flora Brasiliensis, fase. 55. Am, J. Sci., IIL. 1v, 149-151. 

Botanical Notices. Tuckerman. Genera Lichenum; Hooker, Flora of British 
India; Grevillea; Linnza, vol. 11; Flora Brasiliensis, fase. 57-59: News of 
Botanists; Herbarium of the late Dr. Curtis. Am. J. Sci., III, tv, 420-422. 

Botanical Notices. Decaisne’s Monograph of the Genus Pyrus; Botanical 
Supplement to Fifth Annual Report of Geol. Survey of Territories for 1871, Am, 
J. 3ei., IIT, tv, 489-495. 


1873. 


Botanical Notices. Brongniart on the Theoretical Structure of the Cone in 
Conifer; Zizania aquatica not tuberiferous ; Caleareous encrusted Char; Origin 
of the Weeping Willow. Am. J. Sci., IIT. v, 75. 

Botanical Notices. Boissier, Flora Orientalis. vol. 11: Hooker’s Icones Planta- 
ruin, III, vol. m1, part 1; Journ. Linn. Soc., no. 68; Journal of Botany, Dec., 1872; 
Discharge of the seeds of Witch hazel; Chlorodictyon, by Agardh; Braun on 
Marsilia and Pilularia; Baillon, Histoire des Plantes; Triana. Les Mélastomacées. 
Am. J. Sei., IIT, v, 142-145. 

Seemann’s Flora Vitiensis. Trimen’s Journ. Bot, x1, 181-182. 

Review of Bentham and Hooker’s Genera Plantarum, vol. 0, part 1. The 
Academy, IV, 230-231. 

Botanical Notices. Hildebrand, Fertilization in Grasses. Am. J. Sci., IIT, v, 
316. 

Botanical Notices. Van Tieghem on the Cotyledon of Graminez, ete.; Infelix 
Lolium; H. C. Wood, Fresh-water Algve of North America. Am. J. Sci., III, v, 
389-391. 

Botanical. Notices. Van Tieghem, on Nervation of Coats of Ovules and Seeds; 
Supposed American Origin of Rubus Ideeus [repr. in Amer. Nat., vil, 421-422]; 
a New Textile Plant; Hooker’s Icoues Plantarum, vol. 11. part 2: Bentham and 
Hooker, Genera Plantarum, vol. 0, part 1; Wm. S. Sullivant. Am. J. Sci., ITI, 
v, 479-481. 

Notice of A. DeCandolle’s Histoire des Sciences et des Savants. Nation, No. 
418, p. 12. 

Botanical Notices. Flora Brasiliensis, fase. 60, 61; W. P. Hiern, a Mono- 
graph of Ebenaceze; E. Regel, Animadversiones de Plantis vivis nonnullis Hort. 
Bot. Imp. Petropolitani. Am. J. Sci., III, v1, 75-77. 

Botanical Notices. LeMaout and Decaisne’s Descriptive and Analytical Botany ; 
Crépin’s Primitiz Monographie Rosarum. Am. J. Sci., ITI, vi, 147-151. 

Botanical Notices. Bentham, Notes on Composite; (Ersted, System der Pilze, 
Lichenen und Algen: A. H. Curtiss, Catalogue of Phzenogamous and Vascular 
Cryptogamous Plants of Canada and the Northeastern portion of the United 
States; A. Pollock, Index to Medicinal Plants Am. J. Sci, III, vi, 230-231. 

Anniversary Address of the President [Bentham] to the Liunean Society, May 
24,1873. Am. J. Sei., IIT, vi, 241-254. 

Botanical Notices. Hanbury on Pareira Brava. Am. J Sci., III, vi, 315. 

Botanical Notices. Bornet on the Composition of Lichenes; Hybridation in 
- Mosses, ete., Philibert. Am. J. Sci., III, vi, 388-390. 

The Attitude of Working Naturalists towards Darwinism. [Review of De- 
Candolle’s Histoire des Sciences et des Savants, of Bentham’s Presidential Address 
before the Linnean Society, of Bentham’s Notes on Composite. of Flower’s 
Evidence of Modification of Animal Forms, of Dawson’s Story of the Earth and 
Man.] Nation, No. 433, pp. 258-261. [Darwiniana, pp. 236-251.] 

Botanical Notices. Bennett on Movements of the Glands of Drosera; Engel- 
mann, Notes on the Genus Yucca. Am. J. Sci., III, vi, 467-470. 


1874. 

Notice of the Cessation of DeCandolle’s Prodromus. Nation, No. 446, p. 42. 

Evolution and Theology. [Review of Rev. G. Henslow’s Theory of Evolution ; 
of C. Hodge’s Systematic Theology, and of J. LeConte’s Religion and Science. ] 
Nation, No. 446, pp. 44-46. [Darwiniana, pp. 252-263.] 

Botanical Notices. Contrihutions to American Botany, Sereno Watson; Char- 
acters of New Ferns from Mexico, D. C, Eaton; Botanical Contributions, by Asa 
Gray, Nov. 18, 1873; Bentham’s Flora Australiensis, vol. vi: Flora Brasiliensis, 
fase. 62; Musée Botanique de Leide, vol. 1; DeCandolle’s Prodromus, vol. xvii. 
Am. J. Sci., III, vil, 63-68. 

Botanical Notices. Dr Regel on Vitis; Hepaticee Boreali-Americanz, C. F. 
Austin; Ilysanthes gratioloides; Synopsis Generis Lespedezee, C. J. Maximowicz. 
Am. J. Sci., vii, 152-154. 

What is Darwinism? [Review of C. Hodges’ What, is Darwinism?, of A. 
Winchell’s Doctrine of Evolution. of G. St. Clair’s Darwinism and Design, and of 
C. Kingsley’s Westminster Sermons.] Nation, No 465, pp. 348-351. [Darwiniana, 
pp. 266-282. ] 

Botanical Notices. Parthenogenesis in Ferns; Hooker’s Flora of British India; 
New views on Lichenes and Gonidia; Decaisne on Eryngium, species with 
parallel-veined leaves. Am. J. Sei., LIT, vil, 440-444. 

Botanical Notices. Revision of the North American Chenopodiacez, Sereno 
Watson; J. F. Mellichamp on Sarracenia variolaris. Am. J. Sci., III, vi, 599-600. 

Owens College Essays und Addresses. [Review of Essays and Addresses by 
Professors and Lecturers of Owens College, Manchester.] Nation, No. 474, pp. 
76-17. 

3otanical Notices. Dr. Shaw on changes in the character of Vegetation pro- 
duced by Sheep-grazing; McNab and Dyer on the Perigynium and occasional 
Seta in Carex; Maximowicz, Diagnoses Plantarum Japonie, etc.; Botanical Con- 
tributions by Asa Gray, in Proc. Am. Acad., vol. 1x; J. G. Cooper on Influence 
of Climate and Topography on Trees-around San Francisco Bay; O. H. Willis, 
Catalogue of Plants near New Jersey. Am. J. Sci., III, vii, 69-72. 

Manual of Geology, by Jas. D. Dana. Nation, No. 469, pp. 415-416. 

3otanical Notices. A. DeCandolle on Physiological Groups in the Vegetable 
Kingdom; W. C. Williamson, Primeval Vegetation in its relation to the Doctrines 
of Natural Selection and Evolution; J. W. Dawson, Annual Address of the Presi- 
dent of the Natural History Society of Montreal, May, 1874; R. Shuttleworth and 
his collections. Am. J. Sei.. IIT, vir, 147-156. 

Notes on the Addresses of the Presidents of the English, French and American 
Associations for the Advancement of Science. Nation, No. 481, p. 183. 

Note on Prof. Tyndall’s estimate of Aristotle Nation, No. 482, p. 204. 

Note on Wurtz’s Address on ‘‘ The Theory of Atoms in the General Conception 
of the Universe.” Nation, No. 452, p. 204. 

Notes on Dr. Hooker’s Address as President of a section of the British Associa- 
tion ou Insectivorous Plants. Nation, No. 483, p. 219. 

Notice of the American Naturalist for Oct., 1874. Nation, No. 485, p. 250. 

Miscellaneous Notices. Baker’s Revision of the Genera and Species of the 
Tulipes ; Asexual Growth from the Prothallus of Pteris cretica, by Farlow; 
Botany of S. Pacific Exploring Kx, edition under Admiral Wilkes, ete. Amer. 
Journ. Sci., III, vin, 320-322. 

Botanical Notices. J. D. Hooker on the Carnivorous Habits of some Plants; 
Linnean Society of London; Professorship of Botany at the Jardin des Plantes. 
Am. J. Sci., III, vitt, 395-398. 

Botanical Notices. Note on the use of the word Cyclosis. Am. J. Sci. III, 
Vill, 469-470. 

Notice of the Address of the President of the Michigan Pomological Society: 
Nation, No, 493, p. 382. 


1975. 
Botanical Notices. J. Scott, Notes on the Tree-Ferns of British Sikkim; Flora 
Brasiliensis, fasc. 53, 64; Journ. Linn. Soc., no. 77; Trans. and Proc. Bot. Soc. 
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Edinburgh, vol. x1; Florida plants for sale; American Naturalist, vol. vii. Am. 
J. Sei., II], 1x, 65-69. 

Notice of DeCandolle’s Memorial of Agassiz. Nation, No. 504, p. 135. 

Notice of Sir John Lubbock’s British Wild-Flowers considered in Relation to 
Insects. Nation, No. 509, pp. 229-230. 

Botanical Notices. Fliickiger and Hanbury, Pharmacographia; Fries, Hymen- 
omycetes Europzi; Saporta, Miocene Fossil Plauts of Greece; Maee. Am. J. 
Sei., ITI, 1x, 153-154. 

Bentgam, on the recent Progress and present State of Systematic Botany. 
Am. J. Sci., IIT. 1x, 346-355. 

Botanical Notices. W. 5S. Sullivant, Icones Muscorum; Attar of Roses; Sir J. 
Lubbock, British Wild-Flowers considered in relation to Insects. Am. J. Sci., III, 
Ix, 323-326, 

Notice of Sach’s Text-Book of Botany. Nation, No. 519, p. 400. 

Botanical Notices. Bentham, Revision of the Sub-order Mimosewe; J. D. 
Hooker, Flora of British India; Miers. on the Lecythidacee; Hooker and 
Baker, Synopsis Filicum; Grisebach, Plants Lorentziane; A. Gray, North 
American Hydrophyllacez; 8. Watson, Revision of the Genus Ceanothus and 
Synopsis of the Western Species of Silene, W. G. Farlow, List of the Marine 
Algee of the U.S. Am. J. Sci., III, 1x, 471-476. 

Botanical Notices. M. C. Cooke, Fungi. their Nature and Uses. Am. J. Sci., 
III, x, 62-63. 

Notice of M. C. Cooke’s Fungi: their Nature and Uses. Nation, No. 525, p. 62. 

A Beginner in Botany. [Review of Ruskins’ Proserpina.] Nation, No. 528, 
pp. 103-104. 

Botanical Notices. C. B. Clarke, Commelynacez et Cyrtandraceze Bengalenses. 
Am. J. Sei., IIT, x, 154-155. 

German Darwinism. Nation, 1875, pp. 168-170. 

Notice of Emerson’s Trees and Shrubs of Massachusetts. Nation, Oct. 8, 
1875. 

Botanical Notices. J. L. Stewart and D. Brandis, Forest Flora of N. W. and 
Central India; Flora Brasiliensis, fase. 66; DeCandolle on Different Effects of 
same temperature upon same plants under different latitudes; Dr. J. EK. Gray’s 
Publications. Am. J. Sci., III, x, 236-239. 

Botanical Notices. Rostatinski on Hematococcus lacustris, &c.; E. Tuckerman, 
Catalogue of Plants growing without cultivation within thirty miles of Amherst 
College; L. Radlkofer, Serjania Sapindacearum Genus monographice descriptum. 
Am. J. Sci., III, x, 309-311. 

Botanical Notices. The formation of Starch in chlorophyll-grains; G. B. Em- 
erson, Report on the Trees and Shrubs of Mass.; W. T. Dyer, On the Classifica- 
tion and Sexual Reproduction of Thallophytes; F. Buchenau, Monographie der 
Juncaceen vom Cap. Am. J. Sci., ILI], x, 392-395. 

Botanical Notices. J. Decaisne, Memoire sur la Famille des Pomacées; J. G. 
Baker, Elementary Lessons in Botanical Geography. Am. J. Sci., III, x, 481-484. 

Review of Emerson’s Trees and Shrubs of Massachusetts. American Agricul- 
turist, Dec., p. 451. 


1876, 


Review of Darwin’s Insectivorous and Climbing Plants. Nation, No. 549, pp. 
12-14; No. 550, pp. 30-32. [Darwiniana, pp. 308-337.) 

Sotanical Notices. Karl Koch, Vorlesungen tiber Dendrologie; C. Darwin, In- 
sectivorous Plants and Movements and Habits of Climbing Plants, 2d ed.; Haeck- 
el’s Ziele und Wege der heutigen Entwickelungsgeschichte. Am. J. Sci., III, x1, 
69-74, 

Botanical Notices. Naudin on the Nature of Heredity and Variability in Plants; 
Rev. H. Macmillan, First Forms in Vegetation, 2d ed. Am. J. Sci., III, x1, 153- 
157. 

Botanical Notices. Geo. Engelmann, Notes on Agave; J. Duval-Jouve, Struc- 
ture of the Leaves of Grasses; B. Renault, Botryopteris Forensis; Brongniart, 
Silicified fossil Fruits or Seeds; Mayer and Wolkoff, Respiration of Plants; Bor- 
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net, Classification of Nostochinez ; Gymnocladus in China; Flora Brasiliensis, fase. 
68. Am. J. Sci., III, x1, 235-239. 

Botanical Notices. Botanical Contributions in vol. x1 of the Proc. Amer. Acad., 
New species and genera from California, by A. Gray, and on the Flora of Guada- 
lupe Island by S. Watson. Am. J. Sci., III, x1, 325. 

Botanical Notices. Bulletin of the Bussey Institution, part 5, containing 
Farlow’s Disease of Orange and Olive Trees of California, American Grapevine 
Mildew, Fungi near Boston, The Black Knot, and Report of the Director of the 
Arnold Arboretum. Am. J. Sci., III, x1, 414-415. 

Botanical Notices. C. S. Sargent, Tree-planting, Prizes for Arboriculture; A. 
Blytt, Essay on Immigration of Norwegian Flora during Rainy and Dry Periods; 
Bentham and Hooker, Genera Plantarum, vol. 11; Botany of California, vol. 1, 
Polypetale, by Brewer and Watson, Gamopetale by A. Gray. Am. J. Sci., III, 
xu, 73-79. 

Notice of A. Koehler’s Practical Botany, Structural and Systematic. Nation, 
No. 579, p. 80. 

Botanical Notices. George Engelmann, The Oaks of the United States; M. 
Gustave-Adolphe Thuret, Equisse Biographique, by M. E. Bornet; F. de Muel- 
ler, Fragmenta Phytographic Australic. vol. 1x; Flora Brasiliensis, fase. 62 and 
69; J. W. Beal, The Forest-products of Michigan at the Centennial Exposition; 
G. C. Arthur, Contributions to the Flora of Iowa. Am. J. Sci., II], xm, 153-156. 

Botanical Notices. C. DeCandolle, Structure and Movement of Leaves of Dio- 
nza muscipula; P. B. Wilson, Diatoms in Wheat-straw; Hance, An Intoxicating 
Grass; Crepin, Primitiz Monographiz Rosarum; A. DeCandolle, on the Influence 
of the age of a Tree on the time of Leafing; A. Koehler, Practical Botany, Struc- 
tural and Systematic; T. S. Brandegee, Flora of Southwestern Colorado. Am. J. 
Sei., IIT, xu, 232-235. 

Botanical Notices. J. D. Hooker, Flora of British India, part 4; A. B. 
Clarke, Composite Indice; Proc. Am. Assoc., 24th meeting, 1875, Botanical 
articles by Meehan on Insect fertilization of Flowers, Beal on Carnivorous Plants, 


Inequilateral Leaves and the Venation of a few odd Leaves, T. B. Comstock on 
Utricularia vulgaris, J. Hyatt on Periodicity in Vegetation. Am. J. Sci., III, xn, 
397-398. 

Botanical Notices. Baillon, Dictionnaire de Botanique, fase. 1; T. Caruel, 
Nuovo Giornale Botanico Italiano, vol. vit; E. Boissier, Flora Orientalis; J. 
Miers, On the Barringtoniacee; G. Vasey, Catalogue of the Forest Trees of the 
United States. Am, J. Sci., III, xm, 468-469. 


1877. 

Botanical Notices. T. Comber, Geographical Statistics of the European Flora; 
J. Sprague and G. L. Goodale, The Wild Flowers of America. Am, J. Sci, III, 
XIII, 83-85. 

Botanical Notices. Baillon, Dictionnaire de Botanique, fasc. 2 and 3; O. Heer, 
Flora Fossilis Arctica; Proc. and Trans. Nova Scotia Inst. Nat. Sci., vol. Iv, part 
2, containing notes by Lawson on Calluna vulgaris, notes on Rhododendron maxi- 
mum, and a Vatalogue of the Plants of the Province by Sommers. Am. J. Sci., 
III, x1, 320-321. 

Botanical Notices. C. DeCandolle, Observations sur l’enroulement des Vrilles ; 
W. G. Farlow, Onion-Smut; G. Bentham, Classification and Terminology in 
Monocotyledons; C. Darwin, Various Contrivances by which Orchids are fertilized 
by Insects. Am. J. Sci., III, xi, 391-395. 

Botanica! Notices. O. Beccari, Organogeny of the Female Flower of Gnetum 
Gnemon L.; C. Martius, Paleontological Origin of trees and shrubs of South of 
France which are sensitive to Frost in cold winters. Am. J. Sci., III, xu, 469- 
471. 

Botanical Notices. W. G. Farlow, C. L. Anderson, D. C. Eaton, Algee Exsic- 
Americe Borealis, fasc. 1; Am. J. Sci., III. xiv, 72. 

Botanical Notices. A. Cogniaux, on Botanical Nomenclature: G. C. W. Bohn- 
ensieg, Repertorium Annuum Literature Botanice periodice. Am, J. Sci., III, 
xIv, 158-161. 
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Botanical Notices. W.G. Farlow, Notes on Common plant diseases caused by 
Fungi; Flora Brasiliensis, fasc. 70; J. Macoun, Botany of British Columbia 
and Northern Rocky Mountains; S. Kurz, Sketch of the Vegetation of the Nico- 
bar Islands, ete.; A. Lavallée, Arboretum Segrezianum; J. G. Baker, Systema 
Iridacearum. Am. J. Sci., III, xiv, 426-429. 

Botanical Notices. I. Sprague and G. L. Goodale, The Wild Flowers of Amer- 
ica, part 1; Cleistogamy in Impatiens; O. R. Willis, Catalogue of Plants of New 
Jersey; Sir J. D. Hooker’s voyage to America. Am. J. Sci., IIT, xiv, 497-499. 


1878. 


Cook’s Lectures on Biology. New Englander, xxxvi, 100-113. 

Botanical Notices. C. Darwin, The Different Forms of Flowers on Plants of 
the same Species; D. C. Eaton, Ferns of North America: G. EK. Davenport, Notes 
on Botrychium simplex. Am. J. Sci., III, xv, 67-73. 

Notice of C. S. Sargent’s paper on tree-planting in Twenty-fifth Report of the 
Mass. Board of Agriculture and Hon. B. G. Northrop’s Economic Tree-Planting. 
Nation, No. 665, p. 215. 

Phytogamy. Review of Darwin’s Different Forms of Flowers on Plants of 
the same Species, Various Contrivances by which Orchids are fertilized, Effects of 
Cross- and Self-Fertilization in the Vegetable Kingdom. Nation, No. 667, pp. 
246-248. 

Botanical Notices. F. Parkman, The Hybridization of Lilies; Thuret’s Garden; 
Engelmann’s Papers in Trans. Acad. Sci., St. Louis, vol. 11; Wibbe on new range 
for two Orchids. Am. J. Sci., ITI, xv, 151-153. 

Botanical Notices. Lesquereux, Contributions to the Fossil Flora of the 
Western Territories. Am. J. Sci., III, xv, 219. 

Botanical Notices. Supplementary Note to the Review of Darwin’s Forms of 
Flowers; J. Smith, Historia Filicum; D. C. Eaton, Ferns of North America, 
part 2; W. G. Farlow, List of Fungi found near Boston; Journ. Liun. Soc.; 
Crépin, Guide du Botaniste in Belgique; I. J. Isaman, Insect-fertilization in 
Trichostema. Am. J. Sci., III, xv, 221-225, 

Botanical Notices. * D. C. Eaton, Ferns of North America, parts 4 and 5; 
Baillon, Dictionnaire de Botanique, fase. 8; A. K. Caricas, Vargas consideratio 
como Botanico, ete. Am. J. Sci., III, xv, 483-484. 

This Life and the Future. [Review of Dean Church’s Human Life and its 
Conditions.] Independent, June 20th, p. 10. 

Botanical Notices. Oliver, Flora of Tropical Africa, vol. m1; D. C. Eaton, 
Ferns of North America, part 3; L. Lesquereux, Report on Fossil Plants of 
Gravels of Sierra Nevada; E. M. Holmes, Catalogue of Museum of Pharmaceutical 
Soc., Great Britain; Thuret’s Garden at Antibes. Am. J. Sci., IIT, xv1, 318-320. 

Botanical Notices. A. Gray, Synoptical Flora of N. A.; Sereno Watson, Biblio- 
graphical Index to North American Botany; M. T. Masters, On the Morphology 
of Primulaceze; G. Henslow, On the Origin of Floral Aistivations; M. M. Hartog, 
Floral Structure and Affinities of Sapotacez; Curtiss, North American Plants; 
Catalogue of Plants within thirty miles of Yale College. Am. J. Sci., III, xv, 
400-402, 404. 

Botanical Notices. T. Meehan, Native Flowers and Ferns of the U.S.; S. 0. 
Lindberg, Monographia Metzgerize and Bryinez Acrocarpe; A. Fendler, Ferns 
of Trinidad; Flora Brasiliensis, fasc. 73. Am. J. Sci., xvi, 72-75. 

Botanical Notices. J. Williamson, Ferns of Kentucky; J. Robinson, Ferns in 
their homes and ours; J. Macoun, Catalogue of Plants of Canada; Meehan, Na- 
tive Flowers and Ferns of the U.S. Am. J. Sci., III, xvi, 155-157. 

Botanical Notices. Bentham and von Mueller, Flora Australiensis, vol. viz; 
J. G. Baker, Flora of Mauritius and the Seychelles; Kurz, Forest Flora of British 
Burma; J. Miers, The Apocynacez of South America; J. D. Hooker, Students’ 
Flora of the British Islands; Botany of Kerguelen Ids.; D, C. Eaton, Ferns of 
North America, parts 6 and 7. Am. J. Sci., III, xvi, 237-240. 

Botanical Notices. A. et C. DeCandolle, Monographie Phanerogamarum Pro- 
dromi nunc continuatio, nunc revisio; J. D. Hooker, Flora of British India, part 
5; A. W. Kichler, Flower-diagrams; G. Bohnensieg et W. Burck, Repertorium 


4 


32 


Annuum Literature Periodic, tome Iv; J. G. Baker, Synopsis of Genus Aqui- 
legia. Am. J. Sci., III, xvi, 325-327. 

Botanical Notices. Todaro, Relazione sulla Cultura dei Cotoni in Italia, sequita 
da una Monograpia del Genere Gossypium; T. Meehan, Native Flowers and 
Ferns of U.S. Am. J. Sci., ITI, xvi, 403-404 

Botanical Notices. A. S. Wilson, Sugar in Nectar of Flowers; D. C. Eaton, 
Ferns of N. A., parts 8 and 9; Note on a Monstrous Sarracenia purpurea. 
Am. J. Sci., III, xv1, 485, 487, 488. 

Epping Forest and how best to deal with it, by A. R. Wallace in Fortnightly 
Review. Nation, No. 704, p. 400. 


1879. 


Botanical Notices. Flora Brasiliensis, fase. 75-78; Heer, Flora Fossilis Arc- 
tica, tome v; A. R. Wallace, Epping Forest. Am. J. Sci., III, xvi, 69-71. 

Hooker and Ball’s Tour in Maroceo. [Review of Hooker and Ball's Journal of a 
Tour in Marocco and the Great Atlas.] Nation, No. 718, pp. 232-233, 

Botanical Notices. W. T. Thistleton-Dyer, On Plant-Distribution as a field for 
Geographical research; C. F. Nyman, Conspectus Florae Europes. Am. J. Sci., 
III, xvu, 176-177. 

Notices of A.,Wood’s and J. D. Steele’s Fourteen Weeks in Botany, and Arabella 
B. Buckley’s Fairy-Land of Science. Nation, No. 723, p. 324. 

Botanical Notices. Strasburger, Ueber Polyembryonie; Bentham, Notes on 
Euphorbiacee; J. D. Hooker, Journal of a Tour in Marocco and the Great Atlas; 
Eaton’s Ferns of North America, parts 12 and 13; Farlow, Anderson and Eaton, 
Algae Amer. Bor. Exsiccatie, fasc. 3; Am. J. Sei., III, xvm, 334-339. 

Botanical Notices. Guides for Science-Teaching, Goodale and Hyatt; L. Errera 
on the Function of the Sterile Filament in Pentstemon; Revue Mycologique, No. 
1; Meehan’s Native Flowers and Ferns of the U.S.; F. B. Hine, Observations 
upon Saprolegniez; V. Rattan, Popular California Flora. Am. J. Sci., III, xvu, 
410-413. 

Botanical Notices. L, Errera on Number of digestive gJands in Dionzxa; T. F. 
Allen, Characeze Americanze; 0. Beccari, Malesia; G. Henslow, On the Self-fer- 
tilization of Plants [Bot. Gazette, Iv, 182-187]. Am. J. Sci., III, xvi, 488-494. 

Concerning a Few Common Plants. [Review of Prof. Goodale’s Primer with 
the above title.] American Agriculturist, July, p. 256. 

Botanical Notices. J. T. Rothrock, Botany in vol. vt of Report of U. S. Geogr. 
Survey west of 100th meridian; Flora of British India, part v1; Reichenbach, 
Refugium Botanicum, vol. 1, fase. 1; Trans. and Proc. of Botanical Soc. of Edin- 
burg, x11; Botanical Papers in Journ. Linn. Soc. Bot., xvii; F. Darwin, on Nu- 
trition of Drosera; Balfour on the Genus Pandanus; E. Lockwood on the Mahwa 
Tree, ete.; G. Henslow, Floral dissections illustrating typical Genera of British 
Natural Orders. Am. J. Sci., II], xvi, 154-158. 

Botanical Notices. J. Ball, On the Origin of the Flora of the European Alps; 
von Mueller, Native Plants of Victoria, part1. Am. J. Sci., III, xvii, 236-238. 

Notice of Sir John Lubbock’s Scientific Lectures. Nation, No. 746, p. 262. 

Instinct and Reason. by F. C. Clark. Am. Nat., xim, 317-318, 

Plant Archeology (Notice of Saporta’s *‘ Le Monde des Plants avant l’ Apparition 
de Homme”). Nation, 1879, 195-196, 212-213. 

Botanical Notices. L. Celakovsky, the Gymnospermy of Coniferge, by Geo. 
Engelmann and A. Gray [Bot. Gazette, Iv, 222-224]; Contributions to American 
Botany, 1x, by S. Watson; Musci Fendleriani Venezuelenses; Baillon, Diction- 
naire de Botanique. vol. 1, part 1; Trans. Linn. Soc. Lond., vol.1; Nouvelle 
Archives du Museum, II, vol. 1; F. Delpimo, Revista Botanica dell’Anno, 1878. 
Am. J. Sci., II, 311-317. 

Botanical Notices. Kunkel on Electrical Currents in Plants; C. J. Maximowicz, 
Adnotationes de Spireaceis; Boissier, Flora Orientalis, vol. 1v. Am. J. Sci., IIT, 
Xvill, 414-416, 

Botanical Notices, von Mueller, Eucalyptographia; A. et C. DeCandolle, Mono- 
graphiw Phanerogamarum Prodromi, ete.; C. DeCandolle, Anatomie Comparée 
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des Feuilles chez quelques Familles de Dicotylédones; Bentham and Hooker's 
Genera Plantarum, vol. 11, part 1. Am. J. Sci., III, 485-488. 
Instinct and Reason, by F. C. Clark. Am. Nat., xi, 317-318. 


1880. 


Brazil, The Amazons and the Coast. By H. H. Smith. Nation, No. 766, pp. 
181-182. 

Aroidez Maximiliane. Harv. Coll. Library Bulletin, 1, 47. 

Notice of T, W. O’Neill’s Refutation of Darwinism, and the Converse Theory of 
Development. Nation, No. 766, p. 182. 

Review of G. F. Wright’s Logic of the Christian Evidences. Nation, No. 771, 

273. 
Botanical Notices Coulter’s Botanical Gazette. Am. J. Sci., IIT, xrx, 157-158. 

Botanical Notices. C. DeCandolle and R. Pictet, Seeds endure extreme Cold; 
Heer, The Genus Gingko; W. H. Gilbrest, Floral Development of Helianthus an- 
nuus and Morphology of Vegetable Tissues; J. Peyritsch, Aroideze Maximilianze ; 
R. Schomburgk, Naturalized Weeds and other Plants of South America; A. T. 
Drummond, Canadian Timber-trees; E. L. Sturtevant, Indian Corn. Am. J. Sci., 
III, x1x, 328-331. 

Botanical Notices. Bentham and Hooker, Genera Plantarum, vol. 11; R. C. A. 
Prior, Popular names of British Plants. Am. J. Sci., ITI, xix, 418-421. 

Botanical Notices. G. Englemann, Revision of the Genus Pinus; O. Kuntze, 
Methodik der Speciesbeschreibung, und Rubus. Am. J. Sci., IIT, x1x, 491-493. 

Notice of D. C. Eaton’s Ferns of North America. Literary World, x1, 296. 

Botanical Notices. DeCandolle’s Phytography; D. C. Eaton, Ferns of North 
America, completion; F. de Mueller, Index perfectus ad Caroli Linnzi Species 
Plantarum, etc.; A. Rau and A. B. Hervey, Catalogue of North American Musci; 
Botanical Explorations of the little known West India Islands. Am. J. Sci., III, 
xx, 150-159. 

Botanical Notice. DeCandolle’s Phytography. Am. J. Sci., IIT, xx, 241-250. 

Botanical Notices. Thomas Meehan, The Native Flowers and Ferns of the 
United States; C. E. Bessey, Botany for High Schools and Colleges; O. Enenth, 
Manual of Swedish Pomology; Bidrag till Europas Pomona vid des Nordgrius. 
Am. J. Sci., IIT, xx, 336-338. 


1881. 


The Power of Movement in Plants. By Charles Darwin, assisted by Francis 
Darwin. Nation, No. 810, pp. 17-18. 

The British Moss Flora by R. Braithwaite. Bot, Gaz., v1, 185. 

Botanical Notices. ©. Darwin and F. Darwin, Power of Movement in Plants. 
Am. J. Sei., IIT, xx1, 245-249. 

Botanical Notices. DeCandolle, Monographiz Phenogamarum, vol. m1; A. 
Lavallée, Arboretum Segrezianum; R. Braithwaite, The British Moss-Flora. Am. 
J. Sei., II], xxm, 235-238. 

Botanical Notices. John Earle, English Plant Names from the Tenth to the 
Fifteenth Century; EK. Warming, Familien Podostemacez. Am. J. Sci., IIT, xxi, 
491-492. 

1882. 


Botanical Notices. J. Veitch & Sons, A Manual of the Coniferee; G. C. W. 
Bohnenzieg, Repertorium Annuum, etc.; A. W. Eichler, Jahrbuch des Kénig- 
lichen Botanischen Gartens zu Berlin; Engler’s Botanische Jahrbiicher; Hooker's 
Icones Plantarum, vol. 1v, part 1. Am. J. Sci., III, xxi, 69-71. 

The Creed of Science. The Independent. Feb. 2, pp. 9-11. (Notice of Gra- 
ham’s “ Creed of Science” and Cellariens’ “ New Analogy.”) 

Lyell’s Life and Letters. The Literary World, x1, 53-54, 

Botanical Notices. Zool. Soc. of France, Natural History Nomenclature ; 
Maximowicz, de Coriaria, Ilice et Monochasma, etc.; Torsion of leaf in Compass- 
plant. Am. J. Sei., IIT, 157-160. 

Botanical Notices. Bentham, Notes on Graminez; Flora Brasiliensis, fasc. 
83, 84; C. J. Maximowicz, Diagnoses Plantarum novarum Asiaticarum, Iv; F, 
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Darwin, Relation of leaves to direction of light [Bot. Gaz., vu, 45-47]; W. W. 
Bailey, Botanical Collector’s Handbook; Greenland Flora, edited by J. Lange. 
Am. J. Sci., ITI, 244-247. 

Botanical Notices. W. Turner, The Names of Herbes. Am. J. Sci., III, xx, 
326, 

Botanical Notices. H. Baillon, Monographie des Composées; L. F. Ward, 
Guide to the Flora of Washington and vicinity; Vilmorin-Andrieux, Les Meil- 
leurs Blés, etc.; H. Devries, The Office of Resinous Matters in Plants; V. Rattan, 
Popular Californian Flora, 3d ed. Am. J. Sci., III, xxi, 492-495. 

Botanical Notices. T. F. Allen, Characese Americanz Exsiccate distribute; 
A. Engler, Versuch einer Entwicklungsgeschichte der Pflanzenwelt insbesondere 
der Florengebiete seit der Tertiirperiode; G. Englemann, The Genus Isoétes in 
North America; A, Clavaud, Flore de la Gironde. Am. J. Sci., III, xxtv, 72-73. 

Botanical Notices. S. O. Lindberg, European and North American Peat-mosses, 
Am. J. Sci., II], 156-157. 

Botanical Notices. G. Briosi, Sopra un Organo finora non avertito di alcuni 
Embrioni Vegetali; Van Tieghem and G. Bonnier, Latent Vitality of Seeds; 
S. Watson, Contributions to American Botany, x; A. Gray, Contributions to 
North American Botany, Proc. Am. Acad., xvit; Journ. Linn. Soc., nos. 120, 21. 
Am. J. Sci., III, xx1v, 296-299, 

Botanical Notices. Trees and Tree-Culture, papers by H. W. S. Cleveland and 
R. Ridgway on Trees, etc.; Am. Journal of Forestry; KE. Warming, Familien 
Podostemacere. Am. J. Sci., III, xxtv, 400, 401. 

A Dictionary of the Popular Names of Plants which furnish the Wants of Man. 
By John Smith. Literary World, x11, 380. 

Botanical Notices. J. Smith, Dictionary of Popular Names of Plants. Am. J. 
Sci., III, xx1v, 476-477. 


1883. 


Botanical Notices. Brendel, Flora Peoriana. Am. J. Sci., III, xxv, 81, 82. 

Botanical Notices. C. F. Nyman, Conspectus Flore Kuropsese; Flora Brasili- 
ensis, fasc. 86, 87, 88; J. D. Hooker and C. B, Clarke, Flora of British India, part 
1x. Am. J. Sci., III, xxv, 162, 163. 

Botanical Notices. Marquis de Saporta, Apropos des Algues Fossiles; Vilmo- 
rin, Andrieux & Cie, Les Plantes Potagéres; Grant Allen, the Colors of Flowers, 
Am. J. Sci,, IT, xxv, 235-237. 

Review of DeCandolle’s Origin of Cultivated Plants; with annotations upon 
certain American species; by Asa Gray and J. Hammond Trumbull. Am J. Sci., 
III, xxv, 241-255; 370-379; xxvi, 128-138. 

Botanical Notices. A. Lavallée, Arboretum Segrezianum, fase. 5, 6. Am. J. 
Sci., ITI, xxv, 312 

Botanical Notices. A. Engler, Essay on Development of the Vegetable King- 
dom; A. G. Nathorst, Bidrag till Japans Fossila Flora. Am. J. Sci., II, xxv, 
394-397. 

Botanical Notices. Schréter, Morphology of the Androecium of Malvacez ; 
Chapman, Flora of the Southern United States; Bentham and Hooker, Genera 
Plantarum, vol. 111, part 2; A. et C. DeCandolle, Monographiz Phanerogamarum, 
vol.iv. Am. J. Sci., III, xxv, 480-481. 

Macloskie’s Elementary Botany. Science, 11, 13-14. 

Review of Bentham and Hooker’s Genera Plantarum. Nation, No. 942, pp. 62, 
63. 

A revision of the genus Fraxinus by Th. Wenzig. Bot. Gazette, vim, 264-265. 

Botanical Notices. E. Hackel, Monographia Festucarum Europearum; EK. 
Cosson et G. de Saint Pierre, Atlas de la Flora des Environs de Paris; E. Cosson, 
Compendium Florz Atlantic, and Illustrationes Flore Atlantice, fasc.1; F. von 
Miller, Systematic Census of Australian Plants. Am. J. Sci., III, xxvi, 77-79. 

Bentham & Hooker, Genera Plantarum. Nation, July 19, 1883. [Am. J. Sci., 
III, xxvi, 245-247.] 

Botanical Notices. Itinera Principum 8. Coburgi; Notice Biographique sur M. 
Joseph Decaisne, par Edouard Bornet. Am. J. Sci. III, xxvi, 247, 248. 
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Botanical Notices. G. Vasey, The Grasses of the United States; S. Watson, 
Contributions to American Botany, x1; H. Miiller, The Fertilization of Flowers, 
Transl. by D. W. Thompson. Am. J. Sci., III, xxvi, 322-325. 

Some Points in Botanical Nomenclature; a Review of ‘“‘ Nouvelles Remarques 
sur la Nomenclature Botanique, par M. Alph. de Candolle.” Am. J. Sci., xxvt, 
417-437. 

Botanical Notices. O. Kunze, Phytogeogenesis; J. Jackson, Catalogue of 
Phzenogamous and Vascular Cryptogamous Plants of Worcester Co., Mass. Am. 
J. Sci., ITI, xxvi, 486-488, 


1884. 


The Borderland of Science and Faith. [Review of Goodwin’s Walks in the 
regions of science and faith and Drummond’s Natural Law in the spiritual world.] 
Science, 11, 131-133. 

Key to North American Birds, Elliott Coues. Literary World, xv, 216. 

Flowers and their Pedigrees. By Grant Allen. Nation, No. 979, p. 304. 

Notice of Brook’s ‘‘The Law of Heredity.” Andover Review, 1, 208-214. 

Review of Dean Church’s Francis Bacon. Nation, No. 982, p. 368-370. 

Notice of Sophie Herrick’s Wonders of Plant-Life under the Microscope. Na- 
tion, No. $82, p. 370. 

W. A. Kellerman, Elements of Botany and Plant Analysis. Nation, No. 991, 
p. 558. 

Notice of N. D’Anvers’ Science Ladders and John Babcock’s Vignettes from 
Invisible Life. Literary World, xv, 167. 

Botanical Notices. C. J. F. Bunbury, Botanical Fragments; Bush & Son, Cata- 
logue of American Grape Vines; W. K. Brooks, The Law of Heredity. Am. J. 
Sei., ITI, xxvii, 155-157. 

Botanical Notices. O. Beccari, Malesia, part 4; T. Caruel, Thoughts upon 
Botanical Taxonomy. Am. J. Sci., ILI, xxvu, 241, 242. 

Botanical Notices. Carpenter’s Tendency in Variation. Am. J. Sci., III, xxvn, 
326-328. 

Botanicgl Notices. Bull. California Acad. Sci., no. 1, Botanical Papers by A. 
Gray on Veatchia Cedrocensis, Behr and Kellogg on Anemone Grayi, Kellogg on 
Astragalus insularis and Phacelia ixodes, etc., etc.; N. Shepard, Darwinism 
stated by Darwin himself; I. Sprague and G. L. Goodale, Wild Flowers of Amer- 
ica; D. F. Day, Catalogue of Plants near Buffalo. Am. J. Sci., III, xxvu, 413-415. 

Botanical Notices. A. Lavallée, Clematides Megalanthes, Les Clématites a 
Grand Fleurs; Porto Rico plants; V. B. Wittrock, Erythrae Exsiccate. Am. J. 
Sci., III, xxvi1, 494-496. 

Notice of Sir John Lubbock’s Chapters in Popular Natural History and J. 
Straub’s Consolations of Science. Literary World, xv, 217-218. 

Biogen, A Speculation on the Origin and Nature of Life. By Prof. Elliott 
Coues. Nation, No. 992, p. 20. 

Botanical Notices. C. B. Clarke, E. Indian Species of Cyperus; C. C. Parry, 
Revision of the Genus Chorizanthe. Am. J. Sci., III, xxv, 75-76. 

Notices of Lesquereux and James, Manual of the Mosses of North America, and 
Baldwin’s Orchids of New England. Nation, No. 999, pp. 163-164... 

Botanical Notices. L. Lesquereux and T. P. James, Manual of the Mosses of 
North America; H. H. Behr, Synopsis of the Genera of Vascular Plants near 
San Francisco; Boissier’s Flora Orientalis, vol. v. part 2; J. Ball, Contributions 
to the Flora of North Patagonia. Am. J. Sci., IfT, xxvii, 155-158. 

Botanical Notices. [Gray’s Synoptical Flora of North America, part 1]; H. 
Baldwin, The Orchids of New England; J. D. Hooker, Students’ Flora of the 
British Islands. Am. J. Sci., III, xxvii, 237-238. 

Notice of John Fiske’s Destiny of Man viewed in the light of his Origin. Na 
tion, No. 1011, p. 426. 

Botanical Notices. Flora Brasiliensis, fasc. 93; F. Parlatore, Flora Italiana. 
vol. v1, part 1; G. Vasey, Agricultural Grasses of the U. 8.; L. M. Underwood, 
Catalogue of North American Hepatice. Am. J. Sci., I[I, xxvin, 402-404. 
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Botanical Notices. W. Upham, Catalogue of the Flora of Minnesota; G. C. W. 
Bohnensieg, Repertorium Annuum, etc.; J. U. Lloyd & C. G. Lloyd, Drugs and 
Medicines of North America. Am. J. Sci., III, xxvii, 472-474. 


1885. 


Botanical Notices. C.S. Sargent, Report on the Forests of North America; 
Macoun’s Catalogue of Canadian Plants, part 1, Gamopetale; A. de Candoile, 
Histoire des Sciences et des Savants depuis deux Siécles, ete.; A. W. Eichler. 
Jahrbuch der K6niglichen botanischen Gartens zu Berlin, 111; A. de Candolle, 
Origin of Cultivated Plants. Am. J. Sci., III, xxrx, 264-267. 

Botanical Notices. C.S, Sargent, Woods of the United States: F. von Miiller, 
Eucalyptographia; Marquis de Saporta, Organismes Problématiques des Ancien- 
nes Mers; E. Koehne, Lythracez of the U. S.; O. Kuntze, Monographie der 
Gattung Clematis; A. Gravis, Recherches Anatomiques sur les Organes Vegetatifs 
de l’Urtica dioica; J. Fowler, List of Plants of New Brunswick; H. N. Patterson, 
Check-list of N. American Gamopetale ; C. EK. Cummings, Check-list of N. Ameri- 
can Mosses and Hepatice; J. H. Oyster, Catalogue of Phznogams and Vascular 
Cryptogams of N. America, Am. J. Sci., III, xxx, 82-85. 

Notices of Bower and Vines’ Course of Instruction in Botany, Chapters on Plant 
Life, Baileys Talk’s Afield, and Palmer’s Charts of Mushrooms of America. Na- 
tion, No. 1050, pp. 138-139. 

Botanical Notices. A. Pailleux et D. Bois, Le Potager d’un Curieux; S. Wat- 
son, Contributions to American Botany, xu, in Proc. Am. Acad., xx; L. H. Bailey, 
Jr., Talks Afield about Plants. Am. J. Sei. III, xxx, 164-167. 

Botanical Notices. Levier, Plantes 4 Fourmis; Lloyd’s Drugs and Medicines 
of North America; Trans. and Proc. New Zealand Inst., xvir; N. L. Britton, 
Revision of N. A. Species of the Genus Scleria; P. Zipperer, Beitrag zur Kennt- 
niss der Sarraceniaceen. Am. J. Sci., LII, xxx, 245-247. 

Insular Floras. [A Review of vol. 1, Botany, of the Challenger Reports.] 
Science, v1, 297-298. 

Botanical Notices. J. W. Behrens, The Microscope in Botany, translated by A. 
B. Hervey and R. H. Ward; Bull. California Acad. Sci., no. 3, Botanical Papers 
by Harkness, Mrs. Curran, E. L. Greene, etc.; H. Trimen, Catalogue of Flower- 
ing Plants and Ferns. Am. J. Sci., III, xxx, 319-322, - 

Botanical Notices. Botany of the Challenger Expedition, vol.1. Am. J. Sci., 
III, xxx, 402-403. 

Botanical Notices. Beccari, Malesia; Cosson, Illustrationes Flore Atlantic ; 
G. L. Goodale, Physiological Botany; K. G. Limpricht, Rabenhorst’s Krypto- 
gamen-Flora von Deutschland. Am. J. Sci., III, xxx, 487-489, 


1886. 


Botanical Notices. J. M. Coulter, Manual of the Botany of the Rocky Moun- 
tain Region; Sir Joseph Hooker and the Royal Gardens at Kew. Am. J. Sci., 
III, xxx1, 76-78. 

Botanical Notices. Flora Brasiliensis, fasc. 95; T. F. Wood, Sketch of the 
Botanical Work of the Rev. Moses A. Curtis. Am, J. Sci., II, xxx1, 158-159. 

A. De Candolle on the Production by Selection of a race of Deaf Mutes in the 
United States. Nation, No. 1081, pp. 239-240. 

Botanical Notices. J. Ball, Contributions to the Flora of the Peruvian Andes; 
J. ©. Lecoyer, Monographie du Genre Thalictrum; Nathorst, Nomenclature for 
Fossil Leaves, etc.; Wittrock, Erythraeze Exsiccate, fasc. 2; F. Buchenau, Synop- 
sis of Kuropean Juncacee; F. Pax, on genus Acer; R. Spruce, Hepaticae Ama- 
zonices et Am. J. Sci., III, xxx1, 231-238, 

Sylvan Winter. By Francis George Heath. Nation, No. 1085, p. 326. 

Botanical Notices. J. V. Lloyd, Drugs and Medicines of North America, ‘vol. 1; 
H. de Vries, Leerbcek der Planten-physiologie; Baillon’s Dictionnaire de Bo- 
tanique, fasc. 19; Baillon’s Histoire des Plantes, vol. vit; J. Lamie, Plants 
Naturalized in the Southwest of France. Am. J. Sci., III, xxx1, 313-316. 

Botanical Notices. Arthur, Barnes and Coulter, Handbook of Plant Dissection ; 
Maximowicz, Diagnosis Plantarum Novarum Asiaticarum, fase. 6; G. Lagerheim, 
American Desmidiez. Am. J. Sci., III, xxx1, 477-479. 
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Botanical Notices. Saint Lager, Histoire des Herbiers; Journ. Linn. Soc., vol. 
xxi, containing papers by Ball, Bolus, Henslow, F. Darwin, Ridley, Clark, Mas- 
ters; XXIII, papers by Forbes and Hemsley; Strasburger on Heterogeneous Graft- 
ing. Am. J. Sci., ILI, xxxm, 79-81. 

Botanical Notices. H. Bolus, Sketch of the Flora of South Africa; W. B. 
Hemsley, Catalogue of North’s Paintings of Plants; Guide to the Museums of 
Economic Botany, Kew; T. Caruel, Filippo Parlatore, Flora Italiana, vol. v1, 
part 3; Flora Brasiliensis, fase. 96; Hooker's Icones Plantarum, vol. XvI and XVII. 
Am. J. Sci., III, xxxu, 164-166. 

Botanical Notices. Lloyd’s Drugs and Medicines of North America; Cypripe- 
dium arietinum in China; Index to the Botanical Gazette; W. K. Dudley, the 
Cayuga Flora, part 1; Catalogue of Plants in Herbarium of College of Science, 
Tokio. Am. J. Sci., III, xxxm, 244-245. 

Florida Fruits, and How to Raise Them. By Helen Harcourt. Nation, No. 
1110, p. 297. 

Botanical Notices. Hooker’s Flora of British India, part 13; Vilmorin, No- 
tice Biographique sur Alphonse Lavallée. Am. J. Sci., III, xxxu, 325-326. 

Botanical Notices. Sir John Lubbock, Flowers, Fruits and Leaves; S. H. 
Vines, Lectures on the Physiology of Plants: L. H. Bailey, Synopsis of North 
American Carices. Am. J. Sci., III, xxxu, 411-412. 

Botanical Notices. Lamarck's Herbarium; Kamel’s Drawings of Manilla 
Plants; Saint Lager on Botanical Nomenclature; Sir John Lubbock, Phytobio- 
logical Observations; Hooker’s Icones Plantarum, vol. xvi, part 2. Am. J. Sci. 
III, 485. 


1887. 


Botanical Notices. Bulletin of the Congress of Botany and Horticulture at St. 
Petersburg, containing Notes on the Genus Lilium, by H. T. Elwes, Lynch on 
Cultivating Aquatic Plants, Baillon on Fertilization of Ovules, Lynch on tubers of 
Thladiantha dubia, Wilkins on Peach-stones; Maw’s Monograph of the Genus 
Crocus; Jahrbuch des K6nigl. bot. Gartens zu Berlin, bd. tv; J. C. Arthur, His- 
tory and Biology of the Pear-blight; Acta Horti Petropolitani, tom. rx, fase. 2; 
Sir Joseph Hooker’s Primer of Botany; etc., etc. Am. J. Sci., III, xxxm, 80-83. 

Botanical Notices. E. Loew, Beobachtungen iiber den Blumenbesuch von In- 
secten und Frielandpflanzen des Botanischen Gartens zu Berlin; Hooker’s Icones 
Plantarum, vols. Xvi and xvi; Journ. Roy. Hort. Soc., vil, no. 2; Macoun’s 
Catalogue of Canadian Plants, part 1m, Apetale. Am. J. Sci, III, xxxm, 
162-164, 

Botanical Notices. Baillon’s Dictionnaire de Botanique, fasc. 21; Hooker's 
Icones Plantarum. vol. xvm, part 3; H. N. Patterson, Check-list of North Ameri- 
can Plants; Delpino, Prodromo d’ una Monografia delle Piante Formicarie; Sil- 
phium albiflorum in Bot. Magazine; A. de Candolle on Origin of Cultivated Spe- 
cies of Vicia, Triticum, ete. Am. J. Sci., III, xxx, 244-245. 

Botanical Notices. Warming, Entomophilous Flowers in Arciic Regions; Flora 
Brasiliensis, fase. 98, 99; Hooker’s Icones Plantarum, vol. vI, part 3; Bentham’s 
Handbook of the British Flora, fifth ed.; V. Rattan, Key to West Coast Botany ; 
Wood and McCarthy, Wilmington Flora; Cal. State Board of Forestry, First Re- 
port; Dr. Arthur on Pear Blight, etc.; Sympetaleia and Loasella; Index to Plant 
Names. Am. J. Sci., IIT, xxxm1, 318-321. 

Botanical Notices. Penhallow on Tendril Movements in Cuaurbita; A Red- 
wood Reserve; J. Ball, Notes of a Naturalist in South America; E. L. Greene, 
Pittonia, a Series of Botanical Papers, vol. 1, part 1; A. Gattinger, The Tennessee 
Flora; Bull. de la Soc. Bot. de France, vol. xxx11; Gray, Botanical Contributions, 
corrections; K. Goebel, Outlines of Classification and Special Morphology of 
Plants, translated by E. F. Garnsey, revised by I. B. Balfour. Am. J. Sci., III, 
XXXIII, 425-428. 

Notice of Sachs’ Lectures on the Physiology of Plants. Nation, No. 1161, 
p. 259. 

Notice of Garnsey’s Translation of DeBary’s Comparative Morphology and 
siology of the Fungi, Mycetozoa and Bacteria. Nation, No. 1160, p. 239. 
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Darwin’s Life and Letters. [Review of Francis Darwin’s Life and Letters of 
Charles Darwin.] Nation, No. 1168, pp. 399-402; No. 1169, pp. 420-421. ~ 

Botanical Notices. J. E. Planchon, Monographie Phanerogamarum Prodromi, 
vol, v, part 2; Report on Botanical Work in Minnesota for 1886; Bower and 
Vines, Practical Instruction in Botany; W. J. Beal, Grasses of N. A.; Radlkofer, 
Serjania Sapindacearum Genus monographice descriptum; Braithwaite’s British 
Moss Flora; EK. L. Greene, Pittonia; A. B. Langlois, Catalogue des Plantes de la 
Basse Louisiana; D. H. Campbell, Development of the Ostrich Fern. Am. J. Scei., 
TIT, xxx1v, 490-494. 


III. BloaRaPHICAL SKETCHES, OBITUARIES, NECROLOGICAL 
’ 
Notices, Ere 


1842. 


Botanical Necrology, etc. Notices of the deaths of Lambert, Guillemin, Vogel, 
Amos Eaton, ete. Am. J. Sci., xii, 214-216. 


1843. 

Notice of the Life and Labors of DeCandolle: extracted [and translated] from 
the address delivered before the Royal Botanical Society of Ratisbon at its meet- 
ing on the 28th of November, 1841, by the President, Prof. von Martius. Am. 
J. Scei., XLIV, 217-239. 

1852. 

Botanical Necrology for 1849-50-51. Link, Kunth, Hoffmansegge, Horn- 
schuch, Bernhardi, Koch, Sturm, Schauer, Kunze, Ledebour, Wahlenberg, B. 
Delessert. Am. J. Sci., IT, xm, 44, 45, 48. 


1853. 
Botanical Necrology for 1852-53. A. de Jussieu, M. A. Richard, Pres. 
Am. J. Sci., II, xvi, 426-427. 


1854. 
Obituary Notices of Dr. Wallich and Prof. Reinwardt. Am. J. Sci., II, xvi, 
33. 


Botanical Necrology for 1854, Fischer, Moricand, P. B. Webb, King of Saxony. 
Am. J. Sci., II, xvi, 429. 
1855. 
Botanical Necrology. Winterbottom, Stocks, Bischoff. Am. J. Sci., II, xx, 
129. 
3otanical Necrology for 1854-55. Dr. Molkenboer and C. A. Meyer. Am. J. 
Sci., II, xx, 135. 


1856. 


Obituary Notice of Francois André Michaux. Am. J. Sci., IT, xx, 137-138. 


1857. 
Botanical Necrology for 1856. ‘Wikstrém, von Steudel, Don, Bojer, Dozy, Leib- 
mann, Dunal. Am. J. Sci., II, xx, 279. 


1858. 


Botanical Necrology for 1857. C. G. de Buzareingues, A. N. Desvaux, E. Des- 
vaux, F. W. Wallroth, Targioni-Tozetti, W. G. Tilesius, L. W. Dillwyn, H. D. A. 
Ficinus, M. Graves, Madame de Jussieu, Mrs. Griffiths, J. F. Royle. Am, J. Sci., 
II, xxv, 293-294. 

Obituary of Robert Brown. [In part from the Athenzum of June, 1858.] 
Am. J. Sci., If, xxvi, 279-283. 


| BS 

| 

| 

1 

} 
4 
| 


39 


1859. 

Botanical Necrology for 1858. B. Biasoletto, A. Bonpland, R. Brown, G. A. 
Kisengrein, H. Galeotti, W. T. Gumbell, Mrs. Loudon, EK. H. F. Meyer, C. F. A. 
Morren, J. B. Mougeot, C. G. Nees von Esenbeck, D. Townsend, D. Turner, C. 
Zeyher. Am. J. Sci., Il, xxvu, 442-443. 

Obituary Notice of Nuttall and Dr. Horsfield. Am. J. Sci., Il, xxv, 444. 


1860. 


Botanical Necrology for 1859. C. A. Agardh, A. Henfrey, T. Horsfield, A. L. 
S. Lejune, T. Nuttall. Am. J. Sci., Il, xxix, 441-442. 


1862. 


Botanical Necrology for 1861. F. Deppe, A. E. Fiirnrohr, H. von Donners- 
marck, J. S. Henslow, Prince Salm-Dyck, M. Tenore, J. M. C. Marquis de Tristan, 
G. W. F. Wenderoth, R. B. Van den Bosch, W. H. DeVriese, C. L. Blume, E. 
James. Am. J. Sci., II, xxx1, 427-428. 


1863. 


Botanical Necrology, 1862. Blytt, Borrer, Mackay, von Kieser, Steetz, Twee- 
die, Benj. D. Greene, Asahel Clapp, M. C. Leavenworth, C. W. Short. Am. J. 
Sci., II, xxxv, 449-451. 


1864. 


Botanical Necrology for 1863. Martens, von Steven, Moquin-Tandon, Francis 
Boott, Jacques Gay. Am. J. Sci., Il, xxxvit, 288-292. 


1866. 


Sir William Jackson Hooker. Am. J. Sci., IT, xu1, 1-10. 

Botanical Necrology for 1864 and 1865. Lessing, Turczaninow, Criiger, Jung- 
huhn, Treviranus, Schacht, Scheele, Sturm, Falconer, Schomburgk, Schott, Paxton, 
Richardson, Cuming, Bridges, Hooker, Lindley, Riddell, Montague. Am. J. Sci., 
II, XLI, 263-268. 

Botanical Necrology. William Henry Harvey, Robert Kaye Greville. Am, J. 
Sei., I], 273-277. 


1868. 


Botanical Necrology for 1867. H. P. Sartwell, Chester Dewey, Mettenius, von 
Schlechtendal, Kotschy, Gasparrini, Berg, Mandon, C. H. Schultz, Daubeny. Am. 
J. Sei., II, xiv, 121-124, 272-273. 

Obituary Notice of N. B. Ward and G. A. W. Arnott. Am. J. Sci., II, xivi, 
273. 


1869. 


Botanical Necrology for 1868, G. A. Walker-Arnott, Nathaniel B. Ward, 
Kdward Poeppig, Dr. Schnitzlein, Francois Delessert, Horace Manu. Am. J. Sci., 
II, xtvu, 140-143. 


1870. 
Botanical Necrology for 1869. Antonio Bertoloni, Guiseppe Moris, J. E. Pur- 


kinje. Am. J. Sci., II, 129. 
Obituary Notice of Prof. Francis Unger. Am. J. Sci., II, xuix, 410. 


1872. 


Botanical Necrology, 1879-1871. Unger, Léveillé, Perottet, C. Miller, Ruprecht, 
von Hugel, Anderson, Miquel, Lantzius-Beninga, Schultz-Schultzenstein, Wilson, 
Hartweg, Rohrbach, Milde, de la Sagra, Lecoq, Reissek, Sowerby, Seemann, 
Leuormand. Am. J. Sci., III, m1, 152-154, 
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1873. 

Botanical Necrology for 1872-73. M. A. Curtis, A. F. Spring, Hugo von 
Mohl, de Brebisson, R. Wight, Reuter, Oersted, Gris, Welwitsch.. Am. J. Sci., 
III, v, 391-397. 

John Torrey; A Biographical Notice. Proc. Am. Acad., 1x, 262-271. [Am. J. 
Sci., III, v, 411-421.] 

Obituary Notice of John Torrey. Nation, No. 403, p. 197. 

William 8. Sullivant; A Biographical Notice. Proc. Am. Acad., 1x, 271-276. 
[Am. J. Sci., III, v1, 1-6.] 

Obituary Notice of Elias Durand. Am. J. Sci., III, v1, 316-317. 

Louis Agassiz. Nation, 1873, 404-405. 


1874. 

Botanical Necrology for 1873. John Torrey, W. 8. Sullivant, E. Durand, J. L. 
Russell, H. J. Clark, I. F. Holton. Am. J. Sei., III, vit, 239-240. 

Notice of death of Joshua Hoopes. Am. J. Sci., III, vu, 600. 

Death of Prof. C. F. Meissner. Am. J. Sci., III, vim, 72. 

Obituary. Death of Prof. Jeffries Wyman. Am. J. Sci., IIT, vim, 323-324. 

Jeffries Wyman. Memorial Meeting of the Boston Society of Natural History, 
October 7, 1874. Address of Prof. Asa Gray, pp. 9-37. [Am. J. Sci., III, 1x 
81-93, 171-177.] Proc. Bost. Soc. Nat. Hist. 

Obituary Notice of Jeffries Wyman. Nation, No. 480, p. 170. 

Charles Robert Darwin. Amer, Nat., vim, 475-479. 


1875. 


Botanical Necrology for 1874. Geo. Aug. Pritzel, Rev. R. T. Lowe, Mrs. 


Hooker, J. T. Maggridge. Am. J. Sci., III, 1x, 68-69. 
Obituary of Daniel Hanbury. Am. J. Sci., III, 1x, 476. 
Obituary of Gustave Thuret. Am. J. Sci., III, x, 67. 
John Edward Gray. An Obituary Notice. Am. J. Sei., III, x, 78-80. 


1876. 
Botanical Necrology for 1875. I. A. Lapham, F. G. Bartling, A. Bureau, J. KE, 
Gray, J. C. M. Grenier, D. Hanbury, R. F. Hohenhacher, Lieut. Gen. Jacobi, K. 
F. Nolte, Gustav Thuret, A. Brongniart. Am. J. Sci., IIT, x1, 326. 


1877. 

Botanical Necrology for 1876. A. T. Brongniart, J. J. Bennett, C. G. Ehren- 
berg, L. Fiiekel, E. Newman, J. Carson, W. Hofmeister. Am. J. Sci., III, x1, 
237, 238. 

Obituary Notices of Lady Smith and Joseph de Notaris. Am. J. Sci., III, xm, 
321-322, 

Obituary of Alexander Braun. Am. J. Sci., III, xi, 471--472. 

Obituary Notice of H. A. Weddell and P. Parlatore. Aun. J. Sci., ITT, xiv, 429. 

Obituary Notice of George Hadley. Am. J. Sci., III, xiv, 499. 


1878. 


Botanical Necrology for 1877. Mrs. M. E. Gray, Pleasance Smith, G. de No- 
taris, W. Hofmeister, A. Braun, E. Bourgeau, T. Lestibudois, H. A. Weddell, F. 
Parlatore, J. Darby. Am. J, Sei., III, xv, 225. 

Obituary Notice of Elias Magnus Fries. Am. J. Sci., ITI, xv, 320. 

Obituary Notice of Dr. Thomas Thomson. Am. J. Sci, III, xv, 484. 

Biographical Notices. Charles Pickering, Elias Magnus Fries. Proc. Amer. 
Acad., xu, 441-454. 

1879. 


Biographical Memoir of Joseph Henry, prepared in behalf of the Board of Re- 
gents. Smithsonian Report for 1878, pp. 143-158; Congressional Record, Mar. 4, 


1879, 3-10. 
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Botanical Necrology for 1878, E. M. Fries, L. Pfeiffer, A. Murray, A. Bloxam, 
F. V. Raspail, 8. Kurz, M. Durieu, Charles Pickering, M. Seubert, T. Thomson, 
G. Zanardini, R. de Visiani, B. C. DuMortier, E. Borszezow, J. McNab, S. T. 
Olney, J. W. Robbins, J. Bigelow. Am. J. Sei., III, xv, 177-189. 

Dr. Jacob Bigelow. Am. J. Sci., III, xvii, 263-266. 

Obituary Notices of Reichenbach, Itzigsohn, Angstrém, Buek, Schimper, Grise- 
bach, Koch, Moore, Bigelow, Robbins. Am. J. Sci., III, xvim, 158. 


1880, 


3otanical Necrology for 1879. W. T. Feay, J. Bigelow, J. W. Robbins, H. 
Itzigsohn, J. Angstrom, H. W. Buek, H. G. L. Reichenbach, H. R. A. Grisebach, 
T. Irmisch, EK. Spach, K. Koch, D. Moore, E. Fenzl, J. Miers. Am. J. Sci., IT, 
76-78, 

Botanical Necrology for 1879, Additions. F. Lindheimer, C. H. Godet. Am. 
J. Sei., ITI, xrx, 158. 

Obituary Notice of General Munro. Am. J. Sci., III, x1x, 331-338. 

3otanical Necrology for 1880. John Carey, Coe F. Austin. Am. J. Sei., II, 
XIX, 421-423, 

1882. 


Charles Darwin. Proc. Amer. Acad., xvi, 449-458. [Am. J. Sci., IIT, xxtv, 
453-463; Literary World, 1882, 145-146 (abstract).] 

Biographical Notices. Thomas Potts James, John Amory Lowell, Charles Dar- 
win, Joseph Decaisne. Proc. Amer. Acad., xvi, 405-406, 408-411, 449-459. 

Botanical Necrology. Thomas Potts James, Joseph Decaisne, Coe F. Austin, 
Wm. Philip Schimper, Nils J. Andersson, Wm. Munro, Dominique Alexander 
Godron, 8S. B. Mead, W. Lauder Lindsay, Ernst Hampe, Alphonso Wood, Gottlieb 
Ludwig Rabenhorst, Matthias Jacob Schleiden, Theodore Schwann. Am. J. Sci., 
Ili, 330-333. 

1883. 


Some North American Botanists. John Eatton LeConte. Bot. Gazette, vim, 
197-199, 


1884. 


Botanical Necrology in part for 1880, 81, 82, 83. C.F. Austin, C. C. Frost, J. 
Carey, S. B. Mead, A. Wood, T. P. James, E. Hall, J. S. Tommasini, Gen. Wm. 
Munro, W. P. Schimper, E. Hampe, N. J. Andersson, R. Fortune, L. Rabenhorst, 
M. J. Schleiden, M. P. Edgeworth, H. C. Watson, P. G. Lorentz, O. W. Sonder, 
J. Decaisne, G. H. K. Thwaites, C. Darwin, 8. Cesati, 0. Heer, C, F. Parker, Geo. 
Engelmann. Am. J. Sei., II, xxvu, 242-244. 

George Bentham. Science, Iv, 352-353. 

Biographical Notices. George Engelmann, Oswald Heer. Proc. Amer. Acad., 
XIX, 516-522, 556-559; Am. J. Sci., III, xxvim, 61-69. 

Obituary Notice of Alphonse Lavallée. Am. J. Sci., ITI, xxvm, 75-76. 

Obituary Notice of George Bentham. Nation, No. 1005, p. 291. 


1885. 


Memorial of George Bentham. Am. J. Sci., IIT, xxtx, 103-113. 

Botanical Necrology for 1884. Augustus Fendler, George Engelmann, S. B. 
Buckley, J. Williamson, J. H. Balfour, H. R. Goeppert, George Bentham. Am. J. 
Sei., IIT, xxrx, 169-172. 

Obituary Notice of Charles Wright. Am. J. Sci., III, xxx, 247. 

Obituary Notice of Hon. George W. Clinton. Am. J. Sci., III, xxx, 322. 


1886. 


Botanical Necrology for 1885. Charles Wright, G. W. Clinton, E. Boissier, J. 
A.C. Roeper. Am. J. Sci., III, xxx1, 12-22. 

Botanical Necrology for 1885. Jean-Ktienne Duby, L. R. and C. Tulasne. Am. 
J. IIT, xxx1, 312-313. 

Louis Agassiz. Andover Review, Jan., 38-44. 
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1887. 


Botanical Necrology for 1886. E. Morren, Rev. W. W. Newbould, W. Hille- 
brand, H. F. Hance, T. G. Orphanides, J. W. A. Wigand, E. Tuckerman. Am. J. 
Scei., IMI, xxx11, 164-165. 

Obituary Notice of W. F. Tolmie. Am. J. Sci., ITI, xxx, 244-245. 

Obituary Notice of A. W. Eichler. Am. J. Sci., III, xxxi, 427. 


1888. 
3otanical Necrology for the year 1887.—W. E. Tolmie; John Goldie; Alber 
Kellogg; William Boott; Ezra Michener; Henry William Ravenel. Am. 
Sei., LIT, xxxv, 260-263 
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Prof. L. R. GIBBES, 
Or THE OF CHARLESTON, SouTH CAROLINA, 
Offers for sale the following series of volumes from his Library. 


1. Comptes Rendus des Séances de L’Academie des Sciences. Paris. 
Tomes 1-43, years 1835-1856, two volumes per year, except 1835. These 
are quartos of 900-1500 pages each ; half bound calf, except tomes 37, 
39-48. Volumes 15, 37 and 39 want the tables of contents, which never 
have been received ; and to remedy this defect, the paper covers of 
each number of these volumes, have been preserved, as on each will be 
found a table of the articles contained in that number. To volume 37, 
there are also wanting numbers 20 and 21. 

2, Astronomische Nachrichten. Vol. 25 to vol. 36 inclusive, 1847-1853, 
with Ergiinzungsheft, 1849, containing history of discovery of planet 
Neptune ; 13 volumes in all, thin 4to, half bound Russia. 

8. Nautical Almanac and Astronomical Ephemeris. London. For 
years 1884-1882 inclusive; 49 vols. 8vo. The first 21 vols. half bound 
ealf, 

4. American Almanac and Repository for Useful Knowledge. For 
years 1830-1860 inclusive ; small 8vo. From 1830-1855, half bound calf, 
two vols. in one cover, forming 13 bound vols ; rest unbound. 

5. Gould’s Astronomical Journal. Cambridge. Vols. 1-6 inclusive, 
1849-1861, thin 4to, half bound Russia. 

6. Laplace : Mecanique Celeste, Bowditch’s Translation and Commen- 
tary. Vols. 1-4 inclusive; 4to, boards. Some vols. have been subdi- 
vided, for convenience in reading special subjects, but this offers no 
obstacle to rebinding. 

7. British Association Catalogue of 8000 stars. One vol. 4to. London 
1845, in boards, but needs rebinding. ° ; 

8. Montmort : Essai d’analyse sur les Jeux de Hazard. Paris, 1708. 
1 vol. 4to, bound. 

9. Demoivre: Doctrine of Chances. London, 1738? 1 vol. 4to, bound. 
Title page is wanting. 

10. Deparcieux : Essai sur les Probabilités de la Durée de la Vie Hu- 
maine. Paris, 1746. 1 vol. 4to, bound. 

11. Le Seur & Jacquier : Elémens de Calcul Intégral; 2 vols. 4to, 
bound. Title page and part of preface wanting. 

12. Thomas Simpson : Mathematical Dissertations. London, 1743. 1 
vol. thin 4to, bound. 

13. Thomas Simpson: Miscellaneous Tracts. London, 1757. Thin 4to, 
bound. 

14. Gardiner: Tables of Logarithms. London, 1742. 1 vol. 4to, bound. 

15. Dionis du Séjour: Traité des Corps Célestes. Paris, 1786. Two 
vols. 4to, half bound calf. 

16. Lalande: Abrégé de Navigation. Paris, 1791. 1 vol. 4to, paper. 

17. Mendoza Rios: Tables for Navigation. London, 1808. 1 vol. 4to, 
bound. 

18. Lagrange: Lecons sur le Calcul des Fonctions. Paris, 1508. 1 
vol. 4to, paper. 

19. Lagrange: Mécanique Analytique. Paris. 2 vols. 4to, paper. 
Nouvelle édition. Vol. 1, 1811; vol. 2, 1815. ' 

20. Lagrange: Théories des Fonctions Analytiques. 3"° edition. 
Paris, 1847. 1 vol. 4to, paper. 

21. Poisson : Théorie Mathématique dela Chaleur. Paris, 1835. 1 vol. 
Ato, paper. 

22. Duvillard: Influence de la Petite-vérole sur la Mortalité. Paris, 
1806. 1 vol. 4to, half bound. A mathematical treatise on the subject. 

23. DeCandolle: Organographie Végétale. 1827; 2 vols. 8vo, half 
bound calf. 

24, DeCandolle: Physiologie Végétale. 1832; 3 vols. 8vo, half bound 
ealf, 

25. DeCandolle: Théorie Botanique. 1" edition 1813; 3”"° edition 
1844; 1 vol. each 8vo, half bound calf. 

26. DeCandolle ; Prodromus Regni Vegetabilis. 1824-1873; 22 vols. 
8vo, The first 15 vols. half bound calf. 

27. Alphonse & Casimir DeCandolle: Monographiz Phanerogama- 
rum. 1878, 1 vol. 8vo. 

28. Kunth; Enumeratio Plantarum. 1833-1850; 6 vols. 8vo, half 
bound calf. 
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BECKER BROTHERS, 
No. 6 Murray Street, New York, 
Manufacturers of Balances and Weights of Precision for Chem- 
ists, Assayers, Jewelers, Druggists, and in general for every use 
where accuracy is required. 
April, 1871.—[tf.] 


PUBLICATIONS OF THE 


JOHNS HOPKINS UNIVERSITY. 


I. American Journal of Mathematics. S. Newcoms, Editor, and T. Craie, 
Associate Editor. Quarterly. 4to. Volume X in progress. $5 per 
volume. 

II. American Chemical Journal.—I. Remsen, Editor. Bi-monthly. 8vo. 
Volume IX in progress. $3 per volume. 

III. American Journal of Philology.—B. L. GILDERSLEEVE, Edito®. Quar- 
terly. 8vo. Volume IX in progress. $3 per volume. 

IV. Studies from the Biological Laboratory.—Including the Chesapeake 
Zoélogical Laboratory. H. N. Marti, Editor, and W. K. Brooks, Asso- 
ciate Editor. 8vo. Volume IV in progress. $5 per volume. 

V. Studies in Historical and Political Science.—H. B. Apams, Editor. 
Monthly. 8vo. Volume VI ready. $3 per volume. 

VI. Johns Hopkins University Circulars.—Containing reports of scientific 
and literary work in progress in Baltimore. 4to. Vol. VII in progress. 
$1 per year. 

VII. Annual Report.—Presented to the President by the Board of Trustees, 
reviewing the operations of the University during the past academic year. 

VII. Annual Register.—Giving the list of officers and students, and stating 
the regulations, etc., of the University. Published at the close of the Aca- 
demic year. 


ZOOLOGY AND PALEONTOLOGY. 


LARGE STOCK IN RECENT 


VERTEBRATES AND EVERTEBRATES. 


We arrange and furnish complete collections for educational pur- 
poses, demonstrations and exhibitions in any or all departments of 
Zoology. 

Collections of recent shells also for the study of Paleontology. Col- 
lection of skeletons and skulls for the study of Osteology. Large stock in 


FOSSILS, 
(especially of the Tertiary Period). 
From the Mayence basin we have remains of Elephas, Mastodon, 
Dinotherium, Hippotherium, Palaeomeryx, Aceratherium, Halitherium, 
etc. Besides, we sell fragmentary scales of 


GLYPTODON CLAVIPES, 


complete specimens of Ichthyosaurus and many other interesting 
Fossils. On demand we furnish catalogues and lists. 

‘*Linnea” Institute for Natural History, Berlin, N. W. 6, Ger- 
many. Our Agent in the U.5. A., 


HERMANN ROLLE, 
No. 33, Avenue A, - - + New York City. 


Art. XVI.—Cambrian Fossils from Mount Stephens, North- 
west Territory of Canada; by Cuartes D. Watcorr. 


XVII.—History of Changes in the Mt. Loa Craters; by 
J. D. Dana. Relations of Kilauea to Mt. Loa and 
Contrast between Volcanoes of the Mt. Lua and Vesu- 
vius types 

XVIIL—On the formation of the deposits of Oxides of 
Manganese; by F. P. Dunnineron 

XIX.—Maxwell’s Theory of the Viscosity of Solids and 
Certain Features of its Physical Verification; by Cart 


XX.—On the Origin of Primary Quartz in Basalt; by Jo- 
P. Ippines 


XXI.—Mineralogical Notes; by Gro. F. 


SCIENTIFIC INTELLIGENCE. 


Miscellaneous Intelligence.—Explorations of the Gulf Stream. Lieut. J. KE. Prtts- 
BURY, 225. 


Obituary.—HENRY CARVILL LEWIS, JAMES STEVENSON, ALBERT D. HaAGeER, 226. 


APPENDIX. 


List of the Writings of Dr. ASA Gray, chronologically arranged. 
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